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I. SYSTEM AND BUILDING DESCRIPTION 

The Telex plant is located in southern Minnesota near the town of Blue 
Earth. The plant manufactures tape recorders and other electronic 
equipment. The 97, 000-square- foot building houses administrative 
offices, assembly areas and warehouse space. The building is of steel 
construction with 6 inches of fiberglass insulation between the steel 
skins. 

Heat for the building is provided by electric duct heaters mounted in 
the air handling units and electric unit heaters. During operating 
hours there is also a considerable amount of heat generated by lights, 
equipment, and people. During cold weather, the space heating load 
ranges between 9-12 million BTUs per day. The average number of heating 
degree days for the Blue Earth area is approximately 8,000. There is 
very little hot water demand since none of the manufacturing operations 
require hot water. 

Because of the use of electric resistance heating, the Telex plant was 
considered a good choice for a solar heating retrofit. A proposal for a 
solar system was submitted under the PON-1 Solar Heating and Cooling 
Commercial Demonstration Program. In June of 1976 Telex was awarded a 
contract by ERDA (now DOE) to construct a solar space heating system. 
InterTechnology/Solar Corporation began the design of the system in 
August 1976. Construction of the system by Mankato Plumbing began in 
August 1977. The system began delivering space heating in February 
1978. 

Figure 1 is a flow schematic of the solar system. The collector array 
consists of iO rows of 36 collectors each. The ITC/Solar Mark III 
collector was used. This collector has gross dimensions of 4' x 8' and 
features a single glazing of water white glass and a black chrome selec" 
tive coating. The absorber plate consists of aluminum fins snapped onto 
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1: Systein Flow Schematic 



copper tubes. The collectors utilize a 2V internal manifold allowing 
each row of 36 collectors to be connected in parallel without the need 
for external piping. 

The collectors are ground-mounted at a 55° tilt angle on a wood truss 
structure. The wood trusses are supported by concrete piers. The 
bottoms of the collectors are approximately 3'-s feet above the ground. 
Location of the array is the east side of the building with a parking 
lot in between. A drain-down type of system was chosen for a number of 
reasons. Some of these were: 

0 eff iciency--no col lector-to-storagc heat exchangers required. 

0 simplicity of design 

0 no special precautions needed for summer shutdown. 

II. ACCEPTANCE TEST PLAN 

An acceptance test to verify the thermal performance of the system was 
conducted by the installation contractor, Mankato Plumbing and Heating 
in June, 1978. 

The test consisted of operating the system on a clear day and measuring 
the instantaneous efficiency of the collector array. The IBM data 
acquisition system was used to collect the data using the On-Site Moni- 
tor. 

The data from the test were plotted as efficiency versus (T|j^ - 
This allows the quantities A and B to be determined. A is the y-inter- 
cept and -B is the slope of the efficiency curve. That is, 
EfnCIENCV=A-B(Ii„-I^,„„)/l. 

A range of A and B values that are considered acceptable was prepared by 
the engineer. The experimentally determined A and B values fell within 
this range so the collector installation was considered acceptable. The 
acceptance test report is given in the following pages. 
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The teat data taken on the Telex Corporation Solar Heating System 
appears to closely follow the expected performance data as submitted 
by Intertechnolocy Solar Corporation# 
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in. MAJOR PROBLEMS ENCOtiNTERED AND RESOLUTIONS 


There have been two major problems encountered with the Telex instal* 
lailon. These are discussed below. 

Hose Connections • The collectors are intornally manifolded with 2V 
headers. Connections from collector to collector were initially made 
with a reinforced silicone rubber hose. Because of the length of the 
row (144') and the large temperature range to which the manifolds would 
be exposed, there could be changes in the lengfn of the row of up to ± 
2" due to thermal expansion and co.itraction. It was anticipated that 
the silicon hoses would be capable o^ absorbing this movement. In the 
actual installation, however, it was found that the axial forces could 
be transmitted down the manifolds to the hose that was clamped with the 
weakest pressure. This hose would then slip on the manifold eventually 
resulting in a leak. 

The solution was to change all the hoses to a different type. The new 
hose has a single "hump" at its midsection which allows it to act as an 
expansion compensator. The new hump hose is also constructed of sili* 
cone rubber and is capable of withstanding the 350®F-400®F stagnation 
temperatures that the absorber reaches. As a further precaution against 
leaks, the hoses were bonded to the copper manifolds using a primer and 
silicone adhesive. An unlined hose clamp was also used. The installa- 
tion of the hoses took place in the summer and early fall of 1979. 

Drain-Down - The Telex system relies on the draining of the collectors 
for freeze protection. To relieve the vacuum caused by the draining 
water, air vents and vacuum breakers were installed at the outlet of 
each row. These were specified to be heat taped and insulated. Over 
the weekend of December 2 and 3 a freeze-up occurred which was dis- 
covered on Monday, December 3. The freeze-up was confined to the lower 
headers of Rows 7 and 10 (Row 1 is the southernmost row). There was no 
evidence of freezing in any of the other 8 rows. 
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The IBM computer listing of the system performance showed no unusual 
behavior other than some cycling of the solar pump whici* was to be 
expected because of tl>e marginal insolation conditions whict» prevailed 
over that weekend. A close inspection of the air vent and vacuum 
breakers showed that under near-zero temperatures the heat tape was not 
keei' ng these devices above freezing. This was due partly to the lack 
of tight contact between the heat tape and the bodies of the vents and 
breakers and partly to the lack of insulation around the vent holes. 

It was not clear, though, how non-operative air vents and vacuum 
breakers could have led to the freezing of only 2 rows out of 10. This 
is because all the rows are connected in parallel and if any of the 10 
sets of air vents and vacuum breakers operate, the entire system would 
drain. The actual drain-down time was established by test at less than 
10 minutes. It was also found that sections of the pipe and valves that 
contained ice due to incomplete draining could be cleared in a few 
minutes after the system pump started. 

While the freeze problem was being investigated it was decided to run 
the system under manual control to eliminate short cycling. The system 
(8 rows) was then operated through the month of December only on clear 
days. On January 1, 1979, the system was started up and it was noticed 
that the absorber plate temperature on row 5 remained high. Upon in- 
vestigation it was found that the bottom manifold of this row was 
frozen. Examination of the p?'evious day on which the system operated 
revealed no abnormalities. At a meeting in January it was decided to 
install standpipe vents at each row as well as at the north and south 
ends of the return header. Those standpipes were to be heat taped and 
insulated. Also, piping on the supply side was changed to steeper 
slope. This work was carried out in February and the system was placed 
into operation with 7 rows in March with no further freeze problems. 
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During the summer of 1979 when the hoses were replaced, the 2" flow 
equalization tubes inside the 2V internal manifolds were removed. 
Initial tests showed no apparent problems with flow imbalance although 
no operational data have yet been accumulated. 

IV. SYSTEM PERFORMANCE 

The Telex system is one of the commercial demonstration sites that was 
selected to receive an IBM data collection system. The data collection 
system became operational in April 1978. 

Based on the data that have been accumulated, the collector performance 
is very good with all-day efficiencies of 40% to 50% obtained on clear 
days. Tables 1 and 2 are taken from the IBM data summary for December 
1978 and show the collector array performance and the space heating 
subsystem performance respectively. It should be noted that the system 
was not operated on a number of clear days and for most of the month 
only 8 rows were in operation. 

Calculations using f-chart show that the system is performing as 
expected. 

V. INTERIM PERFORMANCE CRITERIA 

The Interim Performance Criteria (NASA George C. Marshall Space Flight 
Center publication 98M10001) have been reviewed with respect to the 
solar heating system at Telex Communications, Inc., Blue Earth, Minnesota. 
In our opinion the system installation complies with all applicable 
sections of these criteria. 


InterT^chnology/Solar Corporation 



William S. McEver 
Project Manager 
26 October 1979 
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I. SYSTEM DESCRIPTION 

A. Introduction 

The Telex Soiar Heating System Is composed of four main subsystems; 
0 solar collectors 

0 controls 

0 thermal storage 

0 heating distribution 

The solar collectors used on the project are the Mark III model manu- 
factured by InterTechnology/Solar Corporation, Warrenton, Virginia. A 
total of 360 collectors are used"-10 rows of 36 collectors each. The 
collectors have nominal 4' x 8' dimensions giving a gross collector area 
of 11,520 square feet. The collectors are oriented due south and are 
tilted at an angle of 55® from the horizontal. 

B. Solar Collectors 

The collector specifications are given on the following page. In order 
to increase the performance of the collectors, a black chrome selective 
absorber coating and water white glass are used. The black chrome 
selective coating is electroplated on a nickel coated aluminum ex- 
tension. The solar absorptivity and thermal emissivity of the black 
chrome coating are nominally 0.95 and 0.12 respectively. The low 
thermal emissivity results in reduced radiative heat losses from the 
absorber plate and thus increased efficiency. 

The water white glass is specially made with a very low iron oxide 
impurity content (which gives ordinary glass a greenish cast). The 
solar transmittance of the water white glass is 0.90 to 0.91. The 

slightly rippled pattern in the glass is di'e to the method of manu- 
facture and has no effect upon its transmittance. The pattern does, 
however, tend to diffuse the light reflected from the surface of the 
glass and thus produce a less intense glare. 
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Specification 770501 
Solar Collector - Medium Temperature 
Model Mark III 


1. Glazing: Glass. 3/16" thick, tempered low iron, single glazed; t=0.88. 

2. Glazing Seal: Continuous molded EPOM rubber. 

3. Pressure Plate: 18 Ga. stainless steel type 304. 

4. Fasteners: 3/4" x #10 Truss Head stainless steel sheet metal screws 
0 12" + O.c. 

5. Frame: 20 Ga. galvanized steel, welded corner construction, 

full metal back. 

6. Fin Tube Absorber Assembly. 

A. Manifolds: Two, harddrawn, type M copper tubes, 2 1/2" 0 Nominal. 

B. Cross Tubes: Eleven harddrawn, type M copper tubes, 1/4" 0 Nominal. 

C. Absorber Fins: Eleven Aluminum Extrusions; .060" x 4.22 x 88.125". 
0. Absorber Coating = Black Chrome, 0.94; €■ = 0.12. 

7. Manifold Connectors - High temperature formed rubber hose with hose 
clamps. 

8. Insulation - 1" fiberglass around edges; 3" fiberglass under absorber. 

9. Working Pressure - 50 PSI6; maximum 100 PSIG. 

10. Area - 32.0 square feet (47 3/8" W x 97 3/8" L x 5 1/4" D overall 
dimensions). 

11. Effective Absorber Area - 29.7 square feet. 

12. Mounting Provisions - Consult factory. 

13. Dry Weight - 233 pounds. 

14. Liquid Volume - .318 ft^ or 19.87 pounds of water. 
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The collectors In each row are hooked together in parallel using the 
internal manifolds at the top and bottom of each collector. The con** 
nections are made inside the collector box using a reinforced silicone 
"hump" hose and hose clamps. The hump hoses are also bonded to the 
copper manifolds using a silicone adhesive. Thermal expansion and 
contraction is absorbed by the hose. 

The collectors are supported by a wood structure which is mounted upon 
poured concrete piers. The concrete piers were poured to varying 
heights to give a slope to the structure for collector draining. The 
east side of the structure is approximately 18 inches below the west 
end, thus allowing the collectors to drain back to the inlet. The 
system will drain anytime the solar system pump stops. As the water 
leaves the collectors, air is bled into the system through standpipes 
located at the upper west end of each row. These standpipes are heat 
taped to prevent freezing. It is important to make sure that the heat 
tapes are in good working order before the onset of freezing weather and 
that these standpipes remain clear of ice. 

Because the collectors are located below the level of the storage tank, 
a sump pit is used to hold the return water from the collectors. A sump 
pump^ takes the water out of the sump and returns it to the storage tank. 
An engine-driven sump pump serves as a backup to the primary sump pump 
if it fails or if there is an electrical power failure. In addition, 
there is an overflow to carry water from the sump to the outside if the 
backup fails. 

C. Controls 

The control subsystem controls the operation of the solar system pumps 
and control valves. The design and installation of the control sub- 
system was performed by Johnson Controls of Minneapolis according to the 
specifications of the solar system engineer, InterTechnology/Solar 
Corporation. 
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The control panel is located on the east wall of the building adjacent 
to the solar storage tank. In this panel are located the controls for 
the solar system pump, the sump pump, the heating distribution pumps and 
motorized valves. A number of temperature gauges are also provided on 
the face of the panel to allow the performance of the system to be 
monitored. The control functions are described in more detail in Section 
II and in the Johnson Controls manual, Section IV. 

D. Thermal Storage 

Thermal storage for the solar system is provided by a 20,000-gallon 
water storage tank located inside the building at the east end. The 
dimensions of the tank are 9' diameter by 42' long. The tank was con- 
structed from 5/16" thick hot-rolled steel. Insulation for the tank is 
provided by 6" of fiberglass giving a total R value of 20. This insula- 
tion results in a temperature drop of less than 1®F per day due to heat 
losses. 

Piping to and from the storage tank is arranged to make full use of the 
storage capacity of the tank. The solar water return and the heating 
system supply pipes are located very close to each other at the top of 
the south end of the tank. The heating system return water comes back 
to the tank at the north end. Although the solar pump is physically 
located at the south end of the tank, it is supplied with water from the 
bottom of the north end through a 4" pipe mounted inside the tank. 

A sight gauge is located on the south end of the tank to allow a visual 
observation of the water level in the tank. Because the collectors and 
associated piping hold a significant quantity of water (800 + gallons), 
the water level will vary due to the operation of the solar pump. 
Make-up water to the tank is automatically supplied by a low- and high- 
level control. The makeup water is treated by a resin-type water 
softener. Under normal conditions, the amount of makeup water required 
by the system should not be large (less than 1000 gallons/year) since 


the only way water is normally lost is through evaporation. Excessive 
use of water indicates a leak in the system. 

E. Heating Distribution System 

Heating of the plant is accomplished by water*tO‘air heating coils 
located in the nine existing air handling units and with three water* 
to-air unit heaters. The water coils in the air handling units are 
located upstream from the existing electric heating elements. This 
results in more efficient operation of the solar heating system since 
the coldest air reaches the water coif first and can thus be preheated 
before it reaches the electric elements. In this way, the water in the 
storage tank can be used down to temperatures of 80°F or lower. 

The operation of each solar hot water coil is controlled by a thermostat 
located in the area of the plant served by the air handling unit in 
which the coil is located. The thermostat actually controls the opera- 
tion of a two-way valve located in the solar hot water supply line 
leading to the heating coil. The thermostat and valve are of the pro- 
portional type. That is, the opening and closing of the valve are 
controlled by the thermostat in direct proportion to the deviation of 
the plant air temperature from that set on the thermostat. This propor- 
tional action takes place over a + 2“F range. Thus, if the thermostat 
is set at 66®F the heating valve will be fully closed at 68®F and fully 
open at 64®F. 

If the solar tank temperature is not high enough to provide sufficient 
heat to meet the requirements of a particular zone, then the temperature 
of the zone will continue to fall. The electric heating thermostats are 
set 3®F to 4®F below the solar heating thermostats and will thus turn on 
the electric heating coils if the tank temperature is too low. Note 
that even if the electric heaters turn on, some heat is still being 
extracted from the solar water coil (since it is upstream from the 
electric heaters). 
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Some of the hot water colls are located where they might be subjected to 
cold air from an outside air damper connected to the air handling unit. 
These water colls are protected from freezing by a low limit or freeze- 
stat located just after the hot water coll. If the air temperature 
sensed by any one* foot** long section of the freezestat Is below 40^F, the 
fan will be turned off and power to the two-way valves will also be shut 
off. The two-way valves are specified to fall In the fully open posi- 
tion so that water flow through the coll will be maintained. 

Three-unit heaters are located In the areas of the plant that are not 
served by a central air distribution system. These heaters are con- 
trolled by standard on-off thermostats. Whenever the space requires 
heat, the thermostat turns on the unit heater fan. When the heating 
demand Is met, the fan Is turned off. 

Hot water from the solar storage tanks Is supplied to the heating colls 
by two hot water supply pumps located at the south end of the tank. 
These pumps are called P-2 and P-3 on the solar control panel. With the 
HOA switch In the (Auto) position, the hot water supply pump selected as 
the "lead" pump by the lead- lag switch on the control panel will run 
continuously. The other pump (lag pump) will be turned on only If the 
lead pump cannot supply enough hot water to meet the demands of the hot 
water colls. Water from the hot water supply pumps flows not only 
through the heating colls but also directly back to the tank through a 
short bypass line. The amount of water passing through the bypass line 
Is controlled by two regulating valves In the bypass line. These regu- 
lating valves are controlled so that a constant pressure Is maintained 
at the outlet of the pumps. If the heating colls demand more water, the 
pressure will fall and the regulating valves will throttle down the flow 
In the bypass line to maintain the pressure. If the flow In the bypass 
line falls to 10 GPM, a flow switch set tu this valve will cause the lag 
pump to start up. The lag pump will continue to run until the heating 
demands have been met and the hot water colls require less flow. At 
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this point the system pressure will start to rise and the regulating 
valves will open letting more water flow through the bypass line. As 
the flow through the bypass line reaches 160 GPM a second flow switch 
senses this and turns the lag pump off. A time delay has been placed In 
the outlet of the first flow switch to prevent rapid pump cycling due to 
pressure surges as the lag pump goes off. 

II. SYSTEM OPERATION 


A brief description <‘f the operation of the solar control system Is 
given In Section IV the Johnson Controls Manual. Normal operation of 
the system Is with all HOA switches In the A position. The solar system 
pumps and valves will then operate automatically to provide solar heat 
to the storage tank whenever conditions are suitable. The following 
special operating modes are described below: 

1. System Shutdown 

a. Solar Collectors * Turn HOA switch of P-1 to the 0(ff) position. 
Leeve HOA switch of P-4 (sump pump) In the A position (see note below). 

b. Heating System - Turn HOA switches of pumps P-2 and P-3 to the OFF 
position. 

IMPORTANT NOTE: Always leave sump pump, P-A, switch in the auto posi- 

tion so the sump can he kept pumped. Never run the sump pump in the 
^(and> position unless the automatic start and stop level sensors mal- 

tu'iction. 


2. Sys t em Startup (Fall) 

a. Solar Collectors - Turn P-1 switch to AUTO position. P-1 will 
start If collector sensor temperature is 25®F greater than the storage 
tank temperature. 


NOTE: Ntvcr start the system between the hours of 10:00 a.m. and 3:00 

p.m. on sunny days. High pressures due to generation of steam could 
result. 

When flow through the collector array Is started, verify that sump piMip, 
P-4, comes on and operates In a stable manner. This may take 30 minutes 
after P-1 has stirted. 

Inspect the solar collectors and connections for leaks. Leaks at hose 
connectors may be stopped by retightening the hose clamps. A row with a 
bad leak can be valued off until repaired. To do this, close the shut- 
off valves at the entrance and exit of the collector row, then open the 
drain valve at the entrance to the row to allow the row to drain. 
Remes4)er to close this valve when the row Is again operational. 

b. Heat Tapes - There are 10 heat tapes to prevent standpipes from 
freezing. These heat tapes are wired In parallel and connected to a 
220-volt line. The heat tapes are controlled by a single outside thermo- 
stat. Each heat tape has a resistance of 1850 ohms and draws 0.12 amps. 
Thus, the entire circuit draws 1.2 amps. This current Is read on a 
meter. If any heat tape I* not operating, the meter will read less than 
1.2 ..mps. 


c. Heating System - When heat Is required In the Fall, the heating 
pumps can be turned on by switching the HOA switches of P-2 and P-3 to 
the AUTO position. If Lhere Is only a moderate demand for heat, only 
the piffiip selected as the lead pump by lh« lead-lag switch will operate. 

The solar thermostats should be checked to see that they are at their 
proper settings. At the same time th» electric thermostat settings 
should also be checked to make sure they are lower than the solar set- 
tings. 
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If th« daytlmt ttmptraiures arc mild but beat Is required at night, the 
heating supply pumps can be shut off during the daytifse and turned on at 
night. 

3. Safety Controls 

a. Tank high temperature limit - The tank high temperature limit 
prevents operation of the solar pump, P~1, at storage tank tei^eraturcs 
above 195*F. If higher ten^eratures are rtesired, the limit can be 
raised by adjusting the thermostat control. However, the system should 
not be operated whenever collector outlet temperatures reach 210*F. 
Normally, the tank will reach 195®F only during periods of mild, sunny 
weather during the Fall and Spring. The extra heat storage obtained by 
operating above 180®F will generally not be utilized during these 
periods. 

b. Simp high level - An alarm electrode is* located 2-1/2 feet from the 
top of the sump. If water reaches that level, an alarm will be sounded 
on the control panel, the collector pump P-1 will be turned off and 
valves V-2 and V- 3 will be closed and opened respectively. 

NOTF: The automatic shutdown oi P-1 by the sump high level control will 
only, occur with P-1 switch in the .AUTO position. 

c. Motor-driven sump pump - The motor-driven sump pump will be acti- 
vated only if the electrical power fails and there is water in the sun^ 
above the float setting of the pump. As long as the power remains off, 
the pump will operate automatically under the control of its float level 
detector. 

d. Hot water coil freezestats - The hot water coil freezestats are 
installed on all the air handling units that have provision for bringing 
in cutside air. If the freezestat senses an air temperature of 40*F or 
less the air distribution fan will be turned off as well as power to the 


two-way hot water valve allowing the valve to fail to its normally -open 
position. 

III. SYSTEM MAINTENANCE 

A. Solar Collectors 

There is no regular maintenance required for the solar collectors. If 
it becomes necessary to perform any work on the collector such as re- 
placing a broken glazing, refer to Appendix C, the ITC/Solar Collector 
Parts, Repair, Installation and Maintenance Manual. Regular inspections 
of the collects? array should be made (approximately every two weeks) 
and the condition of the collectors, connectors, etc. noted. 

B. Control s 

Maintenance of the control system— thermostats, control valves, etc. is 
discussed In the Johnson Controls Manual. A log of the system tempera- 
tures— storage tank, collector supply and return should be maintained so 
that any abnormal operation can be detected. Periodically (approxi- 
mately monthly) the times of day that collection is started and stopped 
on a clear day should be noted in the log. This will serve as a check 
on the operation of the differential controller. 

The operation of the heating tapes should be checked whenever the log 
data are taken. The normal current drawn by the heating tapes is marked 
on the meter. If one or more heating tapes is out of order, the current 
will be lower. If this occurs, the defective heating tapes should be 
located and repaired. 

C. Pumps 

Pumps should be oiled according to the manufacturer's instructions. The 
setting of the lead-lag switch on the control panel should be alternated 
monthly to give P-2 and P-3 the same amount of use. 
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0. Valves 

The manual shutoff valves should be operated once a year to make sure 
they do not become stuck. 

E. Standpipes 

During extremely cold weather the standpipe openings must be Inspected 
for Ice buildup. Any Ice buildup mus'i be removed. 

F. Water Conditioning 

Follow the recommendations of Culligan for the addition of the rust 
Inhibitor and the regeneration of the water softener. 
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FOREWORD 


Since 1885, Johnson Controls. Inc. has 
pioneered the development of automatic 
control systems to meet the exacting needs 
of heating, ventilating and air conditioning 
installations. 


Your Johnson Control System is a precision 
system carefully constructed and installed 
to provide the highest degree of accuracy 
possible. It is the result of the work of 
highly skilled engineers and experienced 
trade craftsmen. It has been installed for 
you by Johnson Controls, Inc., a company 
with nearly 100 years experience in all 
phases of dutomatic control design, instal* 
lation and service. Today's Johnson build- 
ing automation systems capabilities include 
heating, ventilating and air conditioning 
(HVAC) controls. Integrated Control Centers. 
Energy Conservation Controls, lighting con- 
trols, fire alarm, security, sound and com- 
munications, clock systems, water treatment 
and computerized automation systems. 


There are certain suggestions which, if fol- 
lowed, will protect your building, improve 
operating efficiency, and add years of life 
to your control and mechanical systems. 
Careful regular maintenance is important if 
you wish to obtain the best possible results 
from your control system. Brief inspections 
are outlined to help you prevent any serious 
difficulties from occurring. 

Many service calls result from insufficient 
knowledge of the operation and limitations 
of the control system and the heating, venti- 
lating and air conditioning (HVAC) system. 
The objective of this Operator's Manual, in 
conjunction with the "as-built" control 
drawings and Product Directory(s), is to 
help you better understand your system. 

The control drawings show the control sys- 
tem "as-built" in your installation. The 
Product Oirectory(s) gives you a general 
description of the different type of controls 
available from Johnson Controls, Inc. The 
Operator's Manual will give you specific in- 
formation on the operation, maintenance and 
adjustment of the various kinds of equipment. 
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MAINTENANCE 


Prior lo performing any work on an electrical 
apparatus, care must be taken to ensure that 
the equipment is completely isolated. Elec- 
tric and electronic equipment are compara- 
tively maintenance free, however, for most 
efficient operation, the following preventive 
maintenance should be performed: 


CONTROLLERS 

Check and clean the circuit board and its 
terminals periodically to prevent buildup of 
dust and dirt. 
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VALVE AND DAMPER ACTUATORS 

The actuator shaft should be lubricated 
periodically with high-temperature lubricant 
which can be obtained through your local 
Johnson office. On damper actuators, the 
friction points in linkage should also be 
lubricated with the same lubricant. 



VALVES 

Control valves should be visually checked 
monthly for leaks and sticking stems. Loss 
of the valve's ability to close tightly will 
require inspection of valve seats and discs 
for wear and system contaminant buildup. 
Valve disassembly and repair may require 
special tools. Contact your local Johnson 
branch office for specific recommendations 
and instructions. 



Valve and VA-3200 Actuator 

Or*EN CONTACT DEVICES 
Contacts on relays, switches and thermo- 
stats that are exposed to the surrounding 
atmosphere should be checked periodically 
to prevent a buildup of dust and dirt, if an 
excess of dust is allowed to collect on con- 
tacts, arcing may occur which would cause 
the contact surface lo pit and corrode. The 
result will be premature failure of the contact. 



KZ-4000 Rtlay 

Never use a file or sandpaper to clean con- 
tacts. This removes a special plating which 
leads to pitting. Clean the contacts by any 
of the following methods; 

1) blow contacts clean with forced airstream 
(CAUTION - air must be clean and dry) 

2) brush with soft brush 

3) spray with contact cleaner 
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ELECTRIC/ELECTRONIC CONTROLS 


PfUNARY CONTROLS 

Tht following oquipmont and asaociatod con* 
troi ahould be ehtcKed periodically. They 
should always be checked before extremely 
cold weather and before starting up the air 
handling ayatem. 

1 . Hot water and steam supply 

2. Chilled water (drained or protected with 
anti'freeze) 

3. All pumps, Including hot water, chilled 
water, condensate, etc. 

4. Safety controls. 


SECONDARY CONTROLS 

On secondary systems, periodic checks 
should be made to the following whenever 
they are applicable to the individual system. 

1. Outside air dampers 

2 . Preheat discharge temperature 

3. Dew point temperature 

A. Hot and cold duct temperature 

5 . Return air temperature 

6 . Humidity 

7 . Local safety controls, such as low limit, 
Mgh limit, and fire detectors. 


HVAC SYSTEH 

A control system cannot maintain proper 
conditions within a building unless the 
heating, ventilating, and air conditioning 
System is functioning as designed. It is 
therefore essential that the maintenance 
r.4commended by the manufacturer of such 
equipment be performed. By the same token, 
a control system cannot function properly jf 
maintenance is not performed on it. In con* 
Sideration of this requirement, a sample list 
of recommended maintenance tasks is listed 
a>)low showing typical tasks considered 
essential for the continued efficient opera- 
tion of the control system(s). 


HAINTENANCE CHECK LIST 
1. HVAC UNITS 

a) review cycle and sequence of operation 

b) check controllers and recalibrate as 
required 

c) repair controllers as required 

d) check operation of panel devices 

e) clean control panel 

f) check damper operation 

g) clean and lubricate dampers 

h) check operation and sequence of dam- 
per actuators 

i) repair damper actuators as required 
i) check operating range of sequencing 

networks 

k) check operation and spring range of 
valves 

l) repair valves as required 

m) check operation of safety limits and 
minimum positioning devices 

n) clean all instruments, covers, ter- 
minals, etc. 


2. ROOM AND ZONE CONTROL 

a) check operation of controllers 

b) recalibrate controllers as required 

c) repair controllers as required 

d) check operation of unit valves or 
dampers 

e) repair unit valves or dampers as 
required 

f) clean all instruments, covers, ter- 
minals, etc. 
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ADJUSTING INSTRUCTIONS 


There are two basic types of controls In heat- 
ing, ventilation and air conditioning systems, 
proportional and two-position. Proportional 
controls typically produce a variable 0-16 
V.D.C. output signal, which Is used to modu- 
late or proportionally stroke a valve or dam- 
per. In an electric/electronic system, the 
majority of the controllers are proportion.''* 
electronic which produce the above men- 
tioned variable 0-16 V.D.C. output signal. 
The remaining electric controllers function 
in a two-position manner, that is to either 
start or stop fans or pumps, open or close 
valves or dampers, or interrupt the variable 
0-16 V.D.C. signals of a proportional con- 
troller. 


ADJUSTING PROPORTIONAL CONTROLS 

A proportional controller is in control of the 
temperature it is measuring when its output 
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Signal is within the spring range of the con- 
trolled device. This is determined by mea- 
suring the output signal with a D.C. meter 
across the output terminals or wires of the 
controller. If a signal between 0 and 16 
V.D.C. IS read, the temperature measured at 
the controller's sensing element can then be 
read and compared to the setting of the con- 
troller. Complete check-out procedures are 
given in individual controller installation 
data sheets available from your local John- 
son branch office. 



TC-4100 

Temperature 

Controller 


HC-4100 

Humidity 

Controller 


Bandwidth 

The dial labeled ‘bandwidth’ should be po- 
sitioned as far toward the lower end of its 
0-10 scale as possible without causing 
‘hunting’ or cycling to occur in the rontrol 
system. 
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OPERATOR’S MANUAL 


ELECTRIC/ELECTRONIC CONTROLS 


Troublithooting 

Whenever the controller output signal is at a 
•ninimum (0) or maximum (16) value the con* 
^roller is not In control and the reason for 
this must be determined and corrected. It 
nust be determined whether the problem lies 
In the control loop (room) or in the system 
loop (HVAC equipment). First determine the 
action of the controller. Then rotate the set 
point dial slowly toward the temperature at 
t'le element to see if the output signal 
changes. If the voltage changed, the 
controller also recognized there is a 

f roblem and should not be readjusted. Re- 
urn controller set point dial to its previous 
set point. The problem then is in the system 
loop. When the problem is found and correct- 
ed, the controller will automatically return 
t le control loop to the correct temperature. 


responds. The differential setting of these 
controllers is factory set. but if caution is 
exercised, the differential can be readjusted 
in the field. 


The controller set point position is indicated 
by the value on the dial. The second posi- 
tion is determined by either adding or sub- 
tracting the differential from the set point 
value. To establish the set point and dif- 
ferential. slowly rotate the set point dial 
toward the temperature as measured at its 
element until the contacts close or open. 

Read the dial value. Slowly rotate the dial m 
the opposite direction until the contacts open 
or close. Read the dial value. The differ- 
ence between these two values is the dif- 
ferential. and the value of the dial that 
matches the measured temperature at the 
switchover point is the controller set point. 
Then turn the dial to the desired value. 


ADJUSTING TWO-POSITION CONTROLS 
A two-position controller has a point at which 
the contacts open and a point at which the 
contacts close. These two points are at dif- 
ferent temperature values. The difference is 
referred to as the "controller differential*’. 
Jome two-position electric thermostats have 
an adjustable differential which is estabhsh- 
e1 according to the requirements of the con-^ 
Irol loop to which the electric controller 



T26A Controlltr 






A19ABC Controlltr 
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JOHNSON 

contrIls 




LOW LIMIT PROTECTION 


I 


Th« importance of taking every precaution 
against freeze*up of equipment cannot be 
over*emphasizeP. Regardless of the euto> 
matle low limit devices furnished, the foi* 
lowing procedures should generally be fol- 
lowed when there is any indication that the 
outside temperature will drop to the pre- 
determined low limit setting. 

PUHPS 

All hot water pumps and/or condensate or 
vacuum pumps should be operational. 

BOILERS 

Boilers and/or converters should be allowed 
to cycle on a demand basis. 

SUPPLY AND EXHAUST PANS 

Supply fans should be allowed to operate on 
their normal occupied or unoccupied cycles. 
When on the unoccupied cycle, the ouiside 
air and exhaust dampers should be closed 
and the return air damper open. 

LOW LIMIT THERMOSTAT OPERATION 

The low temperature limit protection device 
located at the heating coil discharge senses 
the lowest temperature along any portion of 
its sensing element. When one foot or nore 
of any portion of the element senses a tem- 
perature as low as the thermostat set point, 
the instrument will open the circuit. Since 
the thermostat responds to a “spot" type 
condition, it is essential that stratification 


of air in the mixing chamber entering the 
coil be eliminated if proper operation is to 
be expected. 

Where repeated shut-downs occur as a result 
of this condition, a greater tendency exists 
for the operating personnel to override or 
bypass the low limit protection device in 
order to keep the unit running. This is a 
dangerous practice and should be avoided. 
Further investigation as to the cause of 
shut-down should take place to determine 
the cause of the problem with appropriate 
remedial action. 

Low limit protection devices should be 
checked prior to the arrival of cold weather. 
This can be done by turning the dial to a 
warmer setting until the low limit protec- 
tion device operates. The setting should 
equal the temoerature of the entering air or 
water. Do forget to turn the device 
back to the original setting called for on the 
control diagram. 

S?»ECIA'. precautions 
I n extren'e y cold weather, the following 
added precaui ionc should be taken; Before 
air supply systems are started, check steam 
traps ano s'eam pressure and/or water tem- 
perature at the air supply system. After sup- 
ply systems are started, check operation of 
the control system thermostats and observe 
for correct functioning with respect to the 
temperatures being sensed. 




72F 

RETURN 

AIR 



COIL COIL 

Example of Temperature Stratification 
(A Stratified condition Could Occur at Point 0 in above llluatration) 
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OCCUPANT OISCOHFORT 


Tht first tvidsnes of troubit with ths htat* 
ing. vantiiation or cooling systam is vary 
oftan a complaint from an individual who is 
too hot, too cold or is botharad with drafts. 

Qo to tha parson complaining and personal* 
ly chack tha complaint. Exparianca has 
shown that in tha majority of cases the prob- 
lem behind tha complaint is not a malfunction 
of tha control systam. To assist in determin- 
ing this, tha various factors, other than auto- 
matic control, that can create comfort prob- 
lems are listed: 


1. Zona Control 

A parson outside of the controlled zona 
may feel too hot or too cold. A zona con- 
trol thermostat can only sense tha lam- 
paratura at its particular location. Tem- 
peratures in all other areas of tha zone 
are dependent on proper balance of the 
heating/ cooling distribution system. 

2. Sun Load 

Direct sunlight on the thermostat will 
cause over-cooling of a zona while direct 
sunlight on tha individual will cause 
ovar-heating. 

3. Covering of Grills 

Frequently occupants will cover part or 
all of a discharge grill causing improper 
heating or cooling. Whenever a grill is 
covered, the heating or cooling medium 
is not permitted to enter the space to 
correct for variances from the set poirit. 

4. Occupant Location 

If occupants are located adjacent to out- 
side walls or windows they may be sub- 
ject to cold air leakage through the 
windows and/or •'’adiant cooling from the 
wall. 

5. Insufficient Conditioned Air Supply 

This can be caused by poor air distribu- 
tion, dirty filters in the air conditioning 
unit, or lack of proper return or exhaust 
air outlets. 


6. People and Equipment 

Over-healing will result if more people 
or equipment occupy an area than was 
Intended in the original dosign concept. 
This can occur when a meeting is held 
in an area not designed for this type of 
function. 

7. Heating and Cooling System 

A malfunction, or lack of capacity in ex- 
treme weather, of the primary or second- 
ary mechanical heating or cooling equip- 
ment will result in insufficient heating or 
cooling, 

6. Psychological Adjustment 

Many complaints are purely psychologi- 
cal, Once a person understands the limita- 
tions of a HVAC System, he is more like- 
ly to accept the conditions that prevail. 

9. Drafts 

in systems using air as a me.ins of heat- 
ing and cooling, there must be movement 
of air. To many people, even a slight 
air motion is uncomfortable. This can 
be a problem when an unbalanced sys- 
tem causes excessive drafts. Minor 
problems can sometimes be solved by 
relocation of work stations, however, it 
is always best to have a balanced sys- 
tem. i.e. proper size, spacing and de- 
livery of air distribution equipment (fans, 
diffusers, grills, registers, etc.) 

10. Wide Fluctuation of Air Temperature 

Wide fluctuation of air temperature in an 
area can be the result of varying toad 
conditions or improperly adfusted con- 
trols. 

11. Stuffiness 

A stuffy or smoky atmosphere wilt nor- 
mally result from improper ventilation, 
i.e. insufficient fresh air supply, air 
too humid, overpopulation, or inadequate 
exhaust. 
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TROUBLESHOOTING - DIAGNOSING THE PROBLEM 


HVAC EauIPNENT 

0«p«nd<ng on whothtr tho ar«a it too cold or 
too warm, and tha tima of yaar, cHtck the 
heating, ventilating and air conJitioning 
equipment that could be Involved. This can 
involve any or all of the following: 

1. Bolter 

2. Refrigeration Compressor and/or Chilled 
Water System. 

3. Pumps 

4. Secondary Healing and Air Conditioning 
Supply Systems. 


AUTOMATIC CONTROLS 

When a complaint of improper temperatures 
has been received, a review of the mechani- 
cal system should be made to assure proper 
operation of the HVAC equipment. If the 
cause of trouble is not due to the mechani- 
cal system, conduct the following check of 
the control system. (A multi-purpose meter 
is necessary to make a thorough check, how- 
ever. a limited check can be made visually). 

Oiteennect Switch 

Check the disconnect switch that switches 
the power to the control system to make cer- 
tain that it has not been switched to the 
"OFF" position. 

Fuses and Circuit Breakers 
Check the fuses or circuit breakers to make 
certain they are not blown or tripped. The 
circuit breaker may be part of the disconnect 
switch and will throw the switch to the "OFF" 
position if it trips. On 24 volt A.C. systems, 
the Johnson transformer is of the energy 
limiting type. When the maximum current 
rating is reached, the voltage will begin to 
decrease. When the overcurrent condition is 
remedied, voltage will automatically return 


to its correct level. If a fuse has been re- 
placed or a circuit breaker reset and it opena 
again the local Johnson service deparlmeni 
should be contacted. 

Centrollud Oevicts 

Check the automatic valve, damper ectuator, 
etc., to see if they are in the proper position 
as called for by the controller. If they are 
not, check the actuator along with the con- 
troller to see if the actuator responds to 
the controller. 

Control Itrs 

If the actuator is not in the proper position, 
check the controller which controls that actu- 
ator as follows: 

1. Check to see if the controller is at the 
desired set point value. 

2. If the condition at the sensor of the con- 
troller has deviated from the controller 
set ooint, turn the controller set point 
slowly to match this condition. 

3. Check the actuator again. If it is in the 
proper position to provide the heating or 
cooling, chances are the controller is 
only out of adjustment. 

4. If the controller is out of adjustment, it 
should bo readjusted by a qualified ser- 
viceman. Call your Johnson service de- 
partment for adjusting, or parts replace- 
ment. 

5. If the actuator does not change position 
when the controller set point is changed, 
the actuator or controller could be defec- 
tive. To proceed further requires the use 
of a multi-purpose meter and a basic 
knowledge of electronics. 

6. If the owner's personnel have a basic 
knowledge of electronics and wish to 
troubleshoot malfunctions, a multi- 
purpose meter with a sensitivity of 
rO.OOO ohms per volt, capable of read- 
ing A.C. and O.C. voltage and resis- 
iance in ohms is required. 


OPERATOR’S MANUAL 


SLECTRIC/ELECTRONIC CONTROLS 


TKOUtLESKOOTiNC PROCEOURf 

By following tho troublothooting precoOurt 
outllnod DHow. tpoeifie maifunetlont, such 
u loose ^onnsetiont. broktn wirts, dsfte* 
tivt trantformors. sonting tltmtnts, con« 
trollors, or setuators can bt dsttnnintd. 
Whtrt malntonanet is to b« psrfortnsd ^ tn« 
ownsr's psrtonnol, rsplaeemont tqulpmtnt 
should bo slockod or ordorod from tho str* 
Vico doportmont of tho local Johnson offico. 


CMtrolIsft 

Tho following procoduros will assist in 

finding minor control problems: 

1. Tho rovorso acting and direct acting out* 
put signals of tho controller should vary 
from 0 to t6 V.O.C. as tho sot point is 
varied. 

2. Controller should give either a rovorso or 
direct acting signal. If both signals aro 
prosont at tho same time, tho controller 
is dofoctivo. 

3. Make certain that olamonts aro in good 
condition before conducting this test 
(see next section). Manually change the 
controller sot point. If either output sig* 
nel remains at a maximum or at "O'* while 
the set point is varied, the controller may 
be defective. If both outputs are "0", 
make certain that the controller is getting 
A.C. power. 

4. If either the direct acting or reverse acting 
output is a constant 16 V.O.C. while the 
ether is "O", the problem may be in the 
sensing element, remote set point control, 
or faulty wiring. 


Sensini Eltments 

If it is suspected that a sensing element in 
a system is faulty, it can be checked using 
the following procedure; 

1. Disconnect leads from sensing element 
to controller. 

2. Using an ohmmeter. check for opens (above 
2000 ohms) or shorts through the sensing 
element. 

3. If either of these conditions are detected, 
the element should be replaced. 

Actuators 

If the controller is functioning properly, and 
the actuator is still not responding properly, 
Che 'K the following at the actuator. 

1. Check the control signal at the red ('t) 
and blue (*>) wires at the actuator, if 
there is no signal there may be a broken 
wire or loose connection between the 
controller and actuator. 

2. If the proper signal is getting to the actu* 
ator. and it still does not function proper* 
ly. measure the power supply voltage to 
the actuator. This reading should be 

24 V.A.C. across the yellow and white . 
wires or 120 V.A.C. across the black and 
black/red wires depending on voltage 
used. If the power supply voltage is cor* 
rect, the actuator is defective. 

3. If the control signal at the actuator re* 
mains at a constant voltage while varying 
the controller set point, any of the auxi* 
liary devices between the controller and 
the actuator should be checked lor proper 
operation. 

Contact your nearest Johnson branch office 
if a more complete check'Out procedure is 
required. 


REPAIR 


Adiustment and repair tool kits can be order- 
ed from the local .Johnson office. They can 
also supply you with repair and replacement 
equipment. In a maiority of cases, it is less 
expensive to replace equipment under the 


Johnson exchange policy. Recommendations 
on proper replacement equipment should be 
obtained from the local branch office. When 
requesting replacements, give the equipment 
code number shown on the control drawings. 
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PROGRAHMED MAINTENANCE 


Progrmuntd fMinitntnc* btcomts more 
important ivtry year. Today's mechanical 
and electrical •yalema arc designed with 
closer tolerances than in the past. And 
they are more interdependent, 'f one sys- 
tem deteriorates, chances are that other 
systems will be affected. Therefore, every 
system must be careully maintained to op- 
erate as Closely as possible to design 
efficiency. 

CUT COSTS TWO WAYS 

Maintenance becomes more specialized uncer 
these conditions. And that’s where Johnson 
can help. Our programmed maintenance plans 
match your scheduled needs while saving you 
nioney two ways. Wirst, we eliminate your 
expense of hiring and training maintenance 
personnel. Second, we provide you with 
trained specialists who are experts in their 
field. There is no time wasted isolating 
problems or overcomplicating maintenance 
procedures. No need to pay full time for 
part-time services. 

PARTS AVAILABILITY WITHOUT 

INVfNTORY EXPENSE 

What happens when a critical component 
failure shuts down part of your system'’ 

Do you have to wait for days or weeks be- 
fore a replacement can be located'’ And 
then pay premium prices nnd expensive ship- 
ping charges? Not with programmed mainte- 
nance by Johnson. In the first place, pre- 
yentive maintenance eliminates most fail- 
ures. But where a rare disruptive failure 
does occur, our emergency service minimizes 
expensive downtime. And you're assured of 
an adeouate supply of the necessary replace- 
ment parts. 

SAVES TEST EOUtPHENT AND 

TOOL EXPENSE 

Servicing building controls for mechanical 
and electrical systems today requires a wide 
range of specialized tools and lest equip- 
ment. This is a sizable investment for a 
building owner. And the equipment is 
usually used only part time. Johnson pro- 
grammed maintenance eliminates this in- 
vestment while assuring availability of the 
latest test equipment and tools. 


LONCER EQUiPHr-NT LIFE 
A regularly-foMowed maintenance program 
extends equiprient life by catching minor 
problems before they become serious. And 
by replacing worn parts before they can 
cause serious damage. 

HELPS PREVENT MAJOR BREAKDOWNS 
Often a serious system breakdown is trigger- 
ed by *ailure of a minor system component. 
This touches off a series of failures that 
ultiriately leads to complete system failure. 
With a planned maintenance program, no com- 
ponent. no matter how smati. is neglected. 

UNINTERRUPTED COMFOR*. ENERGY 
conservation 

A programmed maintenance schedule elimi- 
nates costly downtime. Uninterrupted, 
efficient productivity and fewer occupant 
complaints result. A preventive maintenance 
program provides yot with assurance that 
these systems are atways functioning proper- 
ly. Efficient operation conserves energy. 

e 

PftOGRAMHEO maintenance BUDGET 

Johnson’s wide experience »n maintaining 
controls for electrical and mechamcal sys- 
tems permits establishing a program of pre- 
ventive maintenance with predetermined 
costs. You can accurately predict and 
budget all your maintenance costs. Sys- 
tematized chf >lisis spell out everything 
covered m yc.. program. So you know be- 
forehand exactly what is to be done and 
when, with no surprises, no chances for 
omissions. It is recommended that you plan 
and start a maintenance program at the 
* start of youi system’s guarantee period. 


Johnson is ready to hand’e your needs on 
any basis you wish, from taking total re- 
sponsibility for your entire building to 
simply changing filters regularly. 

For a customized programmed maintenance 
plan for ycur building, including complete 
cost information, contact the Johnson office 
nearest you for full details. 
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Actuators Section A 


DA-3200 

Electro-Hydraulic 
Damper Actuator 

For damper control in heating, 
ventilating and air conditioning 
systems, the Johnson DA-3200 
Electro-Hydraulic Damper 
Actuator provides direct acting ^ 
proportional action. The DA-3200 
with linkage to provide a 3 in. 
(76mm) stroke, will oppose up to 
50 lbs. (223 N) of force in any 
shaft position. For two-position 
control a PZ-4000 power supply is 
required. 



DA-3200 


DA-3400 

(Valve Actuator with 
DA-3400-9600 Lever Arm Kit) 

Damper control of large volumes 
of air in central heating, ventilating 
and air conditioning systems can 
be provided when using the 
VA-3400 Valve Actuator with a 
DA-3400-9600 Lever Arm Kit. The 
actuator, furnished for 
proportional action, responds to 
the direct or reverse output signal 
of a Cybertronic controller. The 
DA-3400-9600 has an adjustable 
linkage for a 2-3/4 in. (70 mm) to 


15 In. (301 mm) stroke, and will 
oppose 950 lbs. (4226 N) of force 
extended or 410 lbs. (1040 N) of 
force retracted. 



VA-3400 

with 

DA-3400-9600 
Lever Arm Kit 


DA-5000 

Thermal Damper 
Actuator 

The compact and noiseless 
operation of the DA-5000 provides 
Ideal control of zone dampers in 
multi-zone systems, or mixing-box 
valves in high velocity double duct 
systems. This actuator offers 
highly accurate positioning of 
dampers in response to 
proportional low voltage signals 
from Cybertronic controllers. 



air conditioning systems. With a 
yoke and stem for direct mounting 
to an appropriate valve body, the 
VA-3200 has a 1-1/0 In. (26 mm) 
stroke and will oppose up to 100 
lbs. (447 N) of force. For 
two-position control a PZ-4000 
power supply is required. 



VA-3200 


VA-3400 

Electro-Hydraulic 
Valve Actuator 

The VA-3400 Is a heavy duty unit 
with a 2-1/2 in. (64 mm) stroke 
Designed to handle large volume* 
of fluid, the VA-3400 will oppose 
1000 lbs. (4440 N) of force 
extended or 500 lbs. (2224 N) 
retracted. With an appropriate 
valve body, the VA-3400 provides 
valve proportional control m 
central heating and air 
conditioning systems. The 
actuator may bo connected to a 
Cybertronic controller for either 
direct or reverse acting control. 


DA-5000 


VA-3200 

Electro-Hydraulic 
Valve Actuator 

The VA-3200 provides direct 
acting — proportional control of 
valves In heating, ventilating and 


POOR QUALlm 



VA-WOO 
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VA-5000 
Thermal Valve 
Actuator 

The VA-5000 Is suitable for use in 
fan coil units, in induction units 
and zone reheat. Fitted with 
connecting yokes for valves up to 
2 in. (51 mm) in size, the actuator 
will oppose up to 100 lbs. (445 N) 
of force extended and 50 lbs. (222 
N) of force retracted. The VA-5000 
has a stroke ot 1/2 in. (13 mm) 
and 7/8 in. (19 mm). 



VA-SOOO 


All actuators require a 24 or 120 
volts A.C. power source for 
operation, and a 0 to 16 volts O.C. 
input signal control. 


Valve Bodies 


Section B 


VB Series 
Valve Bodies 

Johnson Controls manufactures a 
line of valve bodies to complement 
the Cybertronic actuators. The 
valve bodies available are in 
several styles: Normally Open. 
Normally Closed. Three-Way 
Mixing and Three-Way Bypass. 
The following table lists tne valve 
bodies and their characteristics. 



VB-3752 VB-3970 



VB-4322 


Valvt 

Size 

In. 

Service 

Service 

Connection 

Pressure Temp. 
Ratings 

VB-3752 

1-1/2 to 2 

Water 

and/or 

Steam 

Screwed Globe 

Steam 

35 PSIG (241 kPa) 
@ 281F (139'C) 
Water 

150 PSIG (1024 kPa) 
(S 320F (160*0 

NO. 


Flanged Globe 

VB-3970 

1-1/2 10 6 

Water 

and/or 

Screwed Globe 

Steam 

35 PSIG (241 kPa) 
@ 281F (139*0 

NC. 

Steam 

Flanged Globe 

Water 

150 PSIG (1024 kPa) 
@ 320F (160*0 

VB-4322 

1-1/2 to 2 

Water 

Screwed Globe 

150 PSIG (1024 kPa) 

Mixirig 

2-1/2 to 6 

Flanged Globe 

@ 320F (160*0 

VB-5650 

Bypass 

3 to 6 

Water 

Flanged Globe 

150 P*" G (1024 kPa) 
® (160*0 
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CAGE TRIM 
CALVE 

All Johnson Cage Trim Valves 
feature a removeable cage trim 
design which provides valve plug 
guiding throughout the tra\ 3l 
range and permits high 
rangeability. The following table 
lists the valve bodies and their 
characteristics. 



VB .3754 


Valve 

Size 

in. 

Senrice 

Pretkurt Temp. Ratings 

VB-3754 



Steam 

35 PSIG (241 kPa) 

NO. 

VB-3974 • 
N.C. 

1 / 2 . 3/4. 1 

Water 

and/or 

Steam 

'A/«ter 

400 If. ..’SOO KPa! 

(® -J .-OF (-29 to 66”C) 

Decreasing to 
345 PSIG (2415 KPa) 

@ 281F (140’C) 

VB-4324 

3-Way 

1/2. 3/4. 1 

Water 

Water 

400 PSIG (2800 KPa) 

@ -20 to 150F (-29 to 66’ C) 
Decreasing to 
345 PSIG (2415 KPa) 

@ 281F (140’C) 



VB-4324 


Controllers 


Section C 


HC 4100 

Hunfildity Controller 

The HC-4100 Humidity Controller 
is a solid-state Cybertronic device 
which operates on 24 or 120 volts 
D.C. The controller will provide an 
output of 0 to 16 volts D C. for 
both sides of null to obtain direct 
and reverse proportional action. 
The bandwidth settings for the 
reverse and direct acting outputs 
may be adjusted separately from 
1.5 to 25% RH. 



HC-4100 


HC-4550 

Room Humldostat 

Designed to provide proportional 
control of space humidity, the 
HC-4550 Room Humidostat 
controls 1 or 2 electro-hydraulic 
actuators or up to 10 thermal 
actuators. The HC-4550 has a D.C. 
operating voltage, urually 
obtained from a VQ-4100 or 
VQ-4200 power supply, and 
separate bandwidth adjustments 
for each side of null. This 
Cybertronic unit is available with 
open or closed set point 
adjustment. 



HC-4550 


LC-3001 

Load Llrnlling Controller 

The Load Limiting Controller is 
utilized in refrigoration and 
electric heat application to limit 
current flow. The Cybertronic 
controller produces a 0 to 16 volt 
D C. proportional control signal 
which varies Inversely to the input 
signal supplied by the toroidal 
current transformer. The set point 
is adjustable from 40 to 100% of 
the rated load current Bandwidth 
is adjustable from 5 to 50% of 
rated load current. Operating 
voltage is either 24 or 120 volts 
A.C. and the set point may be 
either integral or remote. 
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•01 

o-PneumatIc Transducer 

C-3001 Electro-Pneumatic 
lucer is designed to convert 
volt O.C. output signal 
1 Johnson Cybertronic 
Her into a proportional 3 to 
G t 1 PSI output pressure, 
itput pressure is then used 
*ate standard pneumatic 
tus in proportional control 
tions. 



PC-3001 Mounted on 
TC-4100 Controller 


00 

Pressure Controller 

:-4000 Static Pressure 
Her is a solid-state 
onic device designed to 
n a constant differential 
n two air pressures. 

ntroller senses the 
'ce in pressure piped to its 
I chambers and produces a 
* volt D.C. signal 
onal to the differential for 
on of appropriate 
'ed devices. The unit may 
nected for direct or reverse 
output. Maximum operating 
is 10 in. W.G. The unit 
i 24 or 120 volts D C. 
input. 



TC-4100 

Temperature Controller 

The TC-4100 Is a solid-state 
Cybertronic device designed to 
provide proportional control of 
temperature when used with 
appropriate local and remote 
sensing elements. The controller 
will operate one or two 
electro-hydraulic actuators, up to 
six thermal actuators on either 
side of null, or a pneumatic 
actuator when used with the 
PC-3001 electro-pneumatic 
transducer. The unit is available to 
operate on 24 or 120 volts A.C.. 
has various temperature ranges, 
and separate bandwidth settings 
for direct acting and reverse 
acting signals. 



TC-4100 


TC-4550 

Room Thermostat 

The TC-4550 Room Thermostat is 
available with or without 
thermometer and with exposed or 
concealed set point. The TC-4550 
operating voltage is usually 
obtained from a VQ-4100 or 
VQ-4200 power supply, and has 
separate bandwidth adjustments 
for each side of null Each output 
will control one or two 
electro-hydraulic actuators, up to 
ten thermal actuators or a variety 
of Cybertronic auxiliary devices. 



TC-4550 
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Elements 

Section E 


HE-6000 Series 
Humidity Sensing Element 

Johnson Humidity Sensing 
Elements for Cybertronic control 
provide accurate, tapid sensing of 
relative humidity in remote spaces 
or ducts. 

The element is available in a room 
or insertion model with a carbon 
impregnated element which 
changes electrical resistance in 
response to changes in relative 
humidity. The element has an 
operating range of 20 to 90% RH 
with a high degree of stability and 
resistance to washout at high 
humidities. 


The sensing portion of the 
HE-6100 Insertion Element is 
mounted in a 6-1/4 in. (159 mm) 
channel and covered with an 
appropriate protective cap. The 
HE-6880 is a wall mounted 
humidity element available for 
horizontal or vertical mounting. 

For use in JC/80 applications, the 
HE-6180 is a duct mounted 
humidity sensor with a 20 to 80% 
RH. The HE-6880 can be mounted 
vertically or horizontally for JC/80 
use. 



HE-6100 



HE-6800 


TE-1100 Series 

Temperature Sensing Elements 

The TE-1100 Series Temperature 
Sensing Elements provide a rapid 
linear response to temperature 
changes by utilizing a nickel wire 
wound element. The reference 
resistance is 1000 ohms at 70F 
(21®C). with a temperature 
coefficient of 3 ohms/F® 

The standard tolerance is i 1% 
and precision elements are 
available with a tolerance of t 
1/4%. The following table lists the 
elements, applications and options 
available. 




TE-1700 



TE-1900 


product 

Application 

Models & Options 

TE-1100 

DuCt Insertion 
Well Insertion 

Averaging (8 or 17 ft) 

Dual Wound. High 

Temperature (Standard or Precision) 

TE-11C1 

Duct Insertion 

6 in.. Standard Precision 
or Double Element 

TE-1300 

Outside Temp Sensor 

Standard or Precision Models 

TE-1500 

Outside Solar Sensor 

Used with TE-1300 

TE-1601 

Bearing Temp Sensor 

Used with CQ-1001 

Tt-1610 

Surface Temp Sensor 

Used with TC-4100 

TE-1700 

Strap-on or Well 

*000 Ohms tl or 1/4%. 500 Ohms 
tl% and 333 Ohms tl% Models 
with Packing Nut and Handi-Bo* 
for use with WZ-1000 Wells 

TE-1800 

Wall Mounted 
Room Sensor 

Control — With or Without Set Point 
Concealed or Exposed. Horizontal 
or Vertical Mounting Indication 
also Available 

TE-1900 

Indication Sensor 

Mounts Internally on Pneumatic 
or Cybertronic Room Thermostats. 
Separate Model for Dewcel^ 
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C-1080 Series 
*ra«Preclilon Sensing 
ments 

> TE-1000 Series Temperature 
nsing Elements are 
M-precision nickel wire sensors 
igned for use with the JC/80 
iding Automation System. All 
nents are wound to a precise 
'ranee of 1000 ohms — 0.1% at 
(2rC). 



TE-1980 


Product 

Application 

Models and Options 

TE-1180 

Duct Insertion 

Dual or Single 
Wound. 6 in. 

TE-1300 

Outside Temp. Sensor 

Standard 

TE-1780 

Strap-on or Well 

For Mounting with WZ-1000 
Wells. Models come with 
Packing Nut and Handi-Box 

TE-1880 

Wall Mounted 
Room Sensor 

Control — Without Set Point. 
Horizontal or Vertical 
Mounting. Indication 

TE-1980 

Indication Sensor 

Adhesive Mount for 
Sensor only, or Sensor 
with Clip for use with 
T-4000 Thp-m^st?* 


TE-2800 

Temperature Sensing Element 

Designed for use with a solid-state 
DQ-4000 Series Electric Heal 
Controller, the TE-2000 
Temperature Sensing Element 
with set point is a thermistor type 
element. 

Models are available with optional 
concealed or exposed set point 
adjustment and with an optional 
thermometer for local temperature 
indication. 



>letworks Section N 


'-4000 

lie Proporlloning Network 

DN-4000 Time Proportioning 
work is designed to provide 
urate proportional control for 
trie heating applications. The 
4000 will automatically control 
■‘on’* time of heating coils in 
oortion to the 0 to 16 volt O.C. 
out of a Cybertronic 
oerature controller. The 
work has an adjustable time 
e of 30 seconds to 5 minutes. 



DN-4000 


LN-4000 

Low Signal Selector 

Requiring no external power 
supply for operation, the LN-3000 
Low Signal Selector is a 
solid-state Cybertronic device. 
Designed to select the lower 0 to 
16 volt D.C. control signal from 
two Cybertronic controllers, the 
output of the LN-3000 can then be 
used to position one or two 
electro-hydraulic actuators or up 
to ten thermal actuators. 



LN-3000 


RN-3000 

Resistance to Voltage 
Converter 

The RN-3000 Resistance to 
Voltage Converter is a Cybertronic 
device which converts a variable 
resistance from a 100, 135 or 150 
ohm potentiometer into a 0 to 16 
volt D.C. output signal. The 
RN-3000 requires a 24 volt A.C. 
supply voltage and is factory set 
for operation with a 135 ohm input 
potentiometer. 



RN-3000 
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AQ-4100 

Rtmote Reset Control 

The AQ-4100 Remote Reset 
Controls are motor-potentiometer 
assemblies designed for 
readjustment of manual set point 
settings from a central control 
panel or Johnson Control Center. 
They are used with temperature 
controllers, measuring bridges and 
for humidity reset. 



AQ-SOOO 

Remote Set Point Control 

The AQ-5000 Remote Set Point 
Control provides remote 
adjustment for a HC-4100 
Humidity Controller or a TC-4100 
■| ^perature Controller it can 
also be used in electronic circuits 
for remote night setback. An 
indexing knob marked with an 
arrow, and appropriately marked 
scales are supplied with each unit. 



AQ-SOOO 


CQ-1001 

Bearing Temperature Alarm 
Unit 

The CQ-1001 is a Cyberlroi.tc 
system designed for measuring 
and producing an alarm from a 
high temperature limit on a 
bearing block. Two devices 
compose the CQ-1001 system; the 
TE-1601 Temperature Sensor and 
the CQ-1001 Temperature Alarm 
Unit. The unit is direct or reverse 
acting with an adjustable set point 
from 140 to 180F (60 to 02* C). 



CQ-1001 


CQ-2100 

Floating Alarm Unit 

When used with the TC-4100 and 
HC-4100 Controllers, the CQ-2100 
Floating Alarm Unit provides a 
contact closure for high and low 
alarm points. Alarm points are 
individually adjustable for t I0°/o of 
controller span or a maximum of 
10F (5.5*C). on each side of null 
with a differential of IF (1®C). 
Alarm points need not be 
symmetrical about the null point. 
Changes in set point ad|ustment 
cause the alarm point to move 
accordingly. 





CQ-2200 

Cybertronic Alarm Unit 

The CQ-2200 Alarm Unit is used 
with the CQ-4100 series of 
temperature and humidity bridges 
to provide contact and closures 
for two adjustable alarm points 
The alarm points are individually 
adjustable from 0 to 100% of the 
basic bridge range. 



CQ-2200 
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00*4000 Series 
Electric Heat Control 

The 00-4000 Series solid-state 
Electric Heat Control Units 
provide time proportioning control 
of electrical power to electric 
resistance heaters. The OQ-4tOO. 
DQ-4102 and the DQ-4103 are 
single phase units: the 00-4400. 
00-4500 and the 00-4600 are 
three phase units. All units in the 
00-4000 Series feature a unique 
zero phase-angle switching 
technique which minimizes radio 
frequency interference and 
vaveform distortion in the power 
lines. Both master and slave units 
ire available in all models. 



DQ'4600 without cover 


Product 

Modtl 

Typ# 

Supply 

VolUg* 

DQ-4100 

Single 

Phase 

120, 208. 240. 
277 Volts A C 

DO-4102 

Single 

Phase 

120. 208. 240, 
277 Volts A C 

DQ-4103 

Single 

Phase 

480 Volts A C 

DQ-4400 

3-Phase 

208/240. 416/480. 
600 Volts A C 

DQ-4500 

3- Phase 

4- Wire 

208/240. 416/480. 
600 Volts A C 

DO-4600 

3- Phase 

4- Wire 

120/208. 277/480 
Volts A C 


Signal Ambintt Ttmp. 

Inputs Limits 


0 to 16 Volts D C 
Cybertronic 
Control Signal 

0 to 135 Ohms 
from Transducer 
or Thermostat 


0 to 120F 
-18 10 


0 to 146F 
-18 10 63* C 


0 to iSQg 
-18 to 66 'd 


Resistance from 
Thermistor Temperature 
Sensor or 

0 to 20 PSIG 
(0 to 140 kPa) Signal 
from Pneumatic 
Controller 


32 to 120F 
0 10 49" C 

t g 1 2 2F 
0 to 49* C 

32 to 120F 
0 to 49’d 


GQ-4000 

Indication System 

Nvailable in five, eight and 
ourteen channel models, the 
'jQ-4000 Indication Systems 
rovide accurate centralized 
ndication of selected remote 
.iriables. Each GO-4000 system is 
(imposed of a regulated 24 volt 
» C. power supply, a D C. 
measuring bridge unit, a variable 
distance input source and a 
•qnal readout device The eight 
icinnei model is avcilabie with or 
ithout the power supply. 

he GQ-4100 is a D C. bridge unit 
>ed for relative position, 
mperature, or relative humidity, 
he relative position bridge may 
ISO be used for reset applications. 


All units have separate zero and 
span adjustments enabling 
individual calibration of each point 
in the system 


GQ-4000-1 5-Polnt Sytttm 



GO-4000-5 


I 


( 




GQ-4000-4 14.Point S,8tcm 
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HO-3000 

LQ-3000 

Signal Olsciimlnatort 

Johnson High (HQ-3000) or Low 
(LO-3000) Signal Discriminators 
are solid-state devices. The units 
compare the magnitude of 0 to 16 
volt D.C. signals of two or more 
Cybertronic controllers, and 
reproduce the highest or lowest 
signal as an output to a separate 
circuit. This output can be used to 
start or stop central motors, or 
modulate central zone actuators at 
the same value as the highest or 
lowest control signal. The 
discriminators have an operating 
voltage of 120 or 24 volts A.C. and 
do not affect the output signal of 
the controllers being monitored. 

Discriminators have a maximum 
capacity of six controller Inputs. 
Two or more units may be 
interconnected to provide more 
than six cfiannels for a given 
function. 




MQ-3000 

Minimum Position Network 

The MQ-3000 Minimum Position 
Network is designed for use in 
electric control circuits to maintain 
a minimum position of a 
controlled device, or to provide 
manual control of one or two 
controlled devices. 


The MQ-3000 has an adjustable 
output which can be set at any 
value from zero to maximum 
voltage (0 to 16 volts D C ). 
Furnished for 120 or 2^ volt A.C. 
operation, the unit is available with 
integral or remote adjustment via 
an AQ-4100 Remote Reset 
Control. 



MQ-3000 


NQ-4500 
Staging Network 

Used with Cybertronic controllers, 
the NO-4500 Staging Network is 
an auxiliary device designed to 
provide two-position aontrol as a 
function of a proportional control 
signal. The NQ-4500 is normally 
used to sequence stages on a 
reciprocating compressor or an 
electric heating unit. 

The staging network is composej 
of up to three individually 
adjustable SPDT relays, each 
operated by a separate trigger 
circuit. The trigger circuits receive 
the proportional 0 to 16 volt D C. 
output of a controller to actuate 
corresponding relays. 



NQ-S002 

Solid-State Step Controller 

NQ-5002 Step Controllers provide 
sequential step control of 
electrical resistance heaters. The 
NQ-5002 combines time 
proportioning control of the 
DQ-4000 with the sequential step 
co.arol to provide an economical 
approach to proportional control 
of electric heat. 

The NQ-5002 is available in four, 
SIX. eight, or ten stages with the 24 
volt A.C. Triac pilot duty switching 
for use with appropriate electric 
heai contactors. 

Power input is 24 volts. 50/60 Hz, 
275 miliiamperes. maximum for 
electronic section and 0.6 amp for 
each contactor stage. 



NO-SO02 


PQ-1001 

Damper Position Indicator 

Proportional variable resistance 
change in response to damper 
movement is provided by the 
PQ-1001 Damper Position 
Indicator An auxiliar/ device, 
models are available for both 
inside and outside mounting on 
ductwork and damper frames. 



PQ-1001 
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nQ-3000 

Reverting Network 


The Johnson R0*3000 Reversing 
Network is a solid-state device 
^hich reverses the output signal 
")f a Cybertronic controller. The 
• etwork is designed primarily to 
provide sequential control of two 
actuators from a single controller, 
'n practice, the network inverts 
controller output of one side of 
lull sc both controlled devices will 
r»^eive direct or reverse signals. 
The reversing network is available 
tor 120 or 24 volt A.C. operation. 



RO-3000 


SQ-30C1 

Cybertronic Sequencing 
Network 


UQ-3000 
Unison Amplifier 

Controlling up to eight 
electro-hydraulic actuators in 
unison, the UO-3000 Unison 
Amplifier is used when the 
combined output load of several 
final control devices exceeds the 
output load rating of the 
controller. 

The unit accepts a 0 to 16 volt 
D C. Signal from a controi'er and 
produces an output of equel 
voltage capable of operating the 
parallel connected actuators The 
device operates on a 24 or 120 volt 
A C. power supply input. 



maximum), and will retain full 
regulation at any output setting. 
Line regulation is 0.5% for an 
input of 21 to 26 volts A C 

For both power supplies, load 
regulation is 0 6% from no load to 
full load, and maximum ripple is 
50 mV. Recovery from line and/or 
load changes is instantaneous. 




VQ.4000 


The SQ-3001 Cybertronic 
Sequencing Network is a 
solid-state auxiliary amplifier u^ed 
for converting a preselected 
portion of the output of a 
Cybertronic controller into two 
separate 0 to 16 volt D.C. signals. 
Networks are available for 
)peration on either 24. or 120 volts 
A C . 50/60 Hz supply voltages. 



SQ-3001 


VQ-4200 
Power Supply 


VQ-4000 
VQ-4100 
Power Supplies 

Especially designed for use with 
the GQ-4000 Indication System 
components the VQ-4000 is a 
solid-state, low voltage D C power 
supply The VQ-4000 is suitable 
for continuous duty m applications 
requiring a well regulated source 
of 25 volt D C power (70 mA 
maximum) Line regulation is 0 5% 
for an input of 22 to 29 volts A C 

The 70-4100 IS adjustable for a 20 
to 25 volt D C output (200 mA 


The VQ-4200 IS a solid-state, low 
voltage D C power supply suitable 
for continuous duty with HC-4550 
room hum'dity controllers and 
TC-4550 temperature controllers. 
One VQ-4200 Power Supply will 
operate one HC/'TC-4550 with up 
to two DA/VA-3200 
electro-hydraulic actuators 
connected The 10 volt D C 
output 15 transistor regulated and 
filtered 


VQ-4200 
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VQ-5000 
Powtr Supply 

The VO-5000 supplies 24 volt A C. 
power to the heater circuit of a 
Foxboro Dewcei^ element for dew 
point indication and control 
applications. Although factory 
connected for 60 Hz operation, the 
VQ-5000 IS field reconnectable for 
50 Hz operation. 



VQ-SOOO 


Accessories 


Section Z 





BZ-1000 Series 
Cybortronic Equipment 
Enclosures 

BZ-1000 Series Cybertromc 
Equipment enclosures are used to 
house and protect field mounted 
Cyuertronic equipmen*. Several 
standard sizes are provided to 
match various equipment 
mounting space, wiring and 
conduit connection requirements 



02 * 1000-2 



BZ-1000-7 


KZ-4000 

General Purpose Relays 

’.isted by both Underwrite s 
Laboratories and the Canadian 
Standards Association, the 
KZ-4000 General Purpose Relays 
are used to control large electrical 
loads from Johnson equipment 
with low power sources Two relay 
contacts are available. DPDT and 
SPOT 



KZ-4000 


KZ-5000 

Relays for Cybertronic 
Controllers 

The KZ-5000 Relays convert a 
proportional 0 to 16 volt D C. 
output signal of a Cybertronic 
controller into a contact closure. 
The relays may also be used in 
applications requiring two-position 
control of relatively large amounts 
of electrical power, using low level 
D C. voltage. The puli-in and 
drop-out points of the SPOT 
relays are non-adjustable. 



KZ-5000 


i 


r.»-1 1 
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MZ-7000 Soritt 
Indication Mattn 

Magntticilly shialdtd, tha 
MZ-7000 Saritt Indication Matan 
ara lignal readout davicat 
designed for flush mounting (with 
bezel), surface mounting or back 
mounting applications. Tha 
accuracy of all models is t 2% of 
tha full scala valua. Lens, bezel 
and mounting adapter kits are 
separately availab'e. 



MZ TOO! 


PZ-4000 

Accessory Power Supply 

The PZ-4000 Accessory Power 
Supply IS a solid-state Cybertronic 
device used for two-position 
operation of a single DA/VA-3200 
electro-hydraulic actuator Two 35 
milliampera models are available 
to operate 24 or 120 volts A C.. 
50/60 Hz. Both models produce 16 
volts D C. across 1000 ohms 



PZ-4000 


RZ-4500 

Precision Decade Box 

The RZ-4500 Precision Decade 
Box is a variable precision 
resistance source for field 
calibration of Cybertronic control 
and indication systems The 
decade box provides precision 
resistance value used m 
operational checkout and 
adjustment procedure A total of 
11,110 ohms can be obtained in 
one ohm increments. 



TZ-4000 

Current Transformer 

The TZ-4000 Current Transformer 
IS a Cybertronic device which 
measures the alternating current 
flowing through a wire and 
produces a proportional A C 
voltage output signal It is 
designed for use with LC-3001 
Series Load Limiting Controllers 



TZ-4000 


H-IZ 


TZ-5000 

Step-Down Transformers 

Listed by Underwriter's 
Laboratories Inc., the TZ-5000 
Step-Down Transformers are used 
to supply power to 24 volt A C. 
control circuits. These 
tran^. ormers are precision built to 
ensure rated power, proper 
voltage regulation and maximum 
efficiency. 

Models are available with 100 to 
3C0 VA ratings at 120 or 200/240 
volts. 50/60 Hz line voltages. All 
208/240 dual input voitage 
transformers have a single primary 
winding with a tap for the lower 
input voltage. 



TZ-5000 


M-8100 

Control Cabinets 

The M-8i00 Control Cabinets are 
general purpose utility enclosures 
designed for use m grouping and 
protecting various components of 
pneumatic, electric and 
Cyberironic control systems. 

Listed by Underwriter's 

Laboratories, the M-8100 is used ^ 

for line voltacs systems or any 

other application requiring a rated 

cabinet. The face and back panels 

are heid m place with continuous. 

solid retaining bars 



M 8100 


J 
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Operating Instructions 
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Chromalox Gonoral Purpose Industrial Thermostat 

V VL * Cotniog Number PIT*EP with ^xplofion-Proof Enclofure 

Cotalog Number PIT with RainoTight Enclosure 


Type PIT 


A 

14 sn ^ 
iMilADlO UU1U1 


Fifure I ~ Interior of Type PIT 


( 7 >V 0 'A Type PITIP *. MNrT 
MIC MOHS ’ .^UrriOMJi 


^ » pA - 

laiiM ^ 1 Ijl 




Bulb >nd prottclitt •til lor PIT and PITiP 




^ r'\‘ A 


riPTH. iNci uNcn 3 V," 
figure 7 — Type PIT [P 


C*an cillirr ii|hii «ir 4 lose a circuit on temperature rise 
MM)T. snap-acting suiich 

T>pc m — U.im tight p.isketeil ench’Mire is 0.nr»2" Meel 
Simple nu'iiiiimg rtii ^ rut^lHi uivhuTi)i»l feet Has ailjuvt- 
able high limit stop I’laiii copper I'ulh ami capillary 

lypc 1*1 1 -I I* — I xph^vion proof alumimiin li*Mi‘«tTg 

nppuneil for ( lass I. Ctump I) aiul ( ' .ss II. Ciioiips I I . 
Ci I xtcinal adjusting kru»h I in plated copper hulh ar^d 
capillary. ^ 


AITIICAIIOV — (hfiMnalox I v pe 1*11 S|*!)T thei.u.- 
stats are dcMgncil for ,\ vatieis ol applicatu»ns sshere kiin- 
tight or I \pU>sion pu'ol eiulooires .ite necc'ssars or ilisn 
able 1 epical use is to eontiol the tunpeiatiirc cd fltiids eon 
se>ctl through pip^ > leoinnionU urnu»l pipe tt.Kingi ..Is.t 
n\ed m snow melt mg .ipplic.it i> mis wiih elec it i Ik .il ing c .«'le 
An alarm or signal circuit e.iii W t'|viaied l»y the auxiliars 
contacts 


nr I ION \l. At ( issni(\ — Itnih WrII — ( i^ppei ImiH> 

wells with ’2" Nl*l brass eiMuecti>rs are supplied when 
spccilicd .Sec Specifications (t»r ( at.ile>g Numbers 

1 1 AH in s — 

1. I iipiid filled element is un. die. teal l \ barometric pies- 
surc arul cross anilneni ti rupi i .•ime problems 

2 . I )epeiulat>lc (lehl prmed sn.ip jetmg ciMitacts with ti»Ms\ 
duly rating for indiicliNC nr iiMsi.inee liLuls 

A. C hoice td fi*ui leinperatnic langes 
4. Copper bull» well axailahle 


Sorcificalions ~ 


Ctlitlof 
Nu'^bfi 
• *.*» Ti|M) 


•' **rt»«T,«i r r t. ^ •»» hOw.fl It 1 * ptt mifiutt ot 

l« I tj t' ^a«|ifnli|i «t.i| uuilftt (Iimptfl |o | lurltCt iMCh 

M\ I p*(# fliffifnl i. t» «»<d»r St njiro»4r dtptrwtng 0 n ifftral vtna^lM. 


Bu lb Wells - 

Tr»»<pmluTr njnirB 

n I* n". mo :so r 
jn.j i‘.j- . 3 ;*, 4 7s r 


i C«t«io| 

I 

1 lliplotitn 


Stniltivt ImIS 
• ItM 10' CMlIlAff 
S," iia. 

NimlRir 

•IfftrtA- 

tltl 

tretfi 

rti 

D.a 

* 1' iito 

erj 

1 lit rar ] 

P ISO" 

700" 

7^- 

6 

f.r;*ir 

100 TSP** 

'40- 

7^“ 

1 

I'lt 3*ir 

200 3S0" 

S4** 

2S«- 

« 

1 rit NM p 
1 

3:s4rs 

7S4" 

2s«" 

• 


1 0 • l|th 

fgrl Mwmitf 


1 112001 

j 

2 112001 


Electrical Ratings — 


4C 0»«iB j 170 I 70S 240 1?7 

1 1." I n4<t rrir\ | Ifc | S 2 • — 

I S6 5S 2 41 — 

»«r** I 

r 4»^rf»M* 22 22 22 22 

(%r! I i-'p lc.»l4| 

faot ?'ur» — 17S V*. .4 SOOv 4 C 

•srst lii.rt 

t.l M l( M 1)1 SC inn ION — Ibc C hromalos Tspe PIT 
I liermoNi.il ba\ .m encloved SPDl swiuh contact unit May 
he wired to t»pen on leinpi r.iiui c ro.e ( K’* to “H**). or to 
eli'se on temper .itiirc rise ( “k ' to ' ^ See I nure 3 , Page 7 
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I PM28-2 I 

I hi* llioiiiiosi.il h.is :i ko\oil :ul|nsl;thlo hi|*li 

limil Mi»|v A spcci:il spanner \Monoh Nmnhor V74- 

ictpiircil adjusi the limit su>p. is siipplioil with 
each C(>ntrol. 


Q tiuow 

li 

Ublue 


nio 10 vmow 
(arras on hmp. 
INCNIASI 


Rro 10 niut 

(»r|NS ON IIMP. 
INCRIASI 


Lq r(o 
common 


Fi|ure 3 — Terminal arrangement 


INSI AIJ.AMON — Caulion: HO NOT subject bulb to 
temperatures more than 50®!'. above maximum dial range 
of the control. 

Wiring should conlorm to local and National I'lcclric 
Codes. Wiring terminals arc accessible by removing the 
cover. 

Signal Circuit — Self contained pilot lamps are not avail- 
able. Remote lights or other type of signal circuits may be 
connected as shoun in l-igurc 4. 



Figure 4 — Wiring diagram showinp remote signal 


Indoors, the thermostats may be mounted in any position. 

RAIN-IICHT r.NCIOSl Rl TVr:. nr — Outdoors, 
where exposed directly to weather, the 'deetrical cemneetion 
and capillary should be on the hnver horizontal surface as 
illustrated in Figuie I. 

Where the capillniy is cxposeil anil subject to pi>ssiblc 
mechanical damage, some means of pioteetiiMi should be 
provideil. 'I lie eapillaiy outlet is devigneil to peimit the 


i.ipill.iiv to iiin Ihioiigh ' *" thinw.dl cotidnit or thioiigh 
mri.il hose Midi as 'm" An.uond.i “.Scaiiite” oi cipiivalent. 

Ri nio\e the eapill.nv ouih t se.il nut onis. see l igiiic .5. 
I'lish the bulb and capill.ifN thiongh a conduit coupling or 
siiii.ible hose fitting and on throngli the conduit or hose. By 
lightening the conduit eoiiplmg. oi hose lilting to the 
lem.de c .ipili.iry outlet I ill mg. the seal aioiind the e:i)Mll:irv 
uill be m.imtained and the conduit or hose will he rigidly 
nti.idicil to the enclosure 

The end tlic c(indiiil or hose awn> fn*m the control 
hoiild be clamped and bushed and the capillary should be 
taped to pi event anting or wear from sharp edges and any 
s»rain on the capillary. 


RimntR 

BUSHING 


CAPIUARY 

ouun 

WITHOUT 
ARMOR 
AS SUPPUtO 


Figure 5 — Typical installation where capillary protection 
is required. 


Adjiistiiuiils — I he setting may be rhangcil to meet the 
rcipiircments of the insi. dial ion. To change setting, remove 
the cover and rotate dial with a screwdriver. 

High limit .M<»p .\iljiislineiil — I he li:gli limit stop can 
be set at ;mv pi'siiuMi between 5^®)'. above the lowest dial 
lanpe ami (l;e higliesi di.il range lor cvamplc' The high 
limit stop can be set between 5^''! and I 50® I*, on a therm- 
ostat with a rang^’ ol O^'l-. to I50"'I'. 

To change the stop siiimg. Im'sen the two screws in |b« 
did plate with tlie wiencli packed with the ci'uitrol *Turn 
the di.d so the pointer iiulic.iies the stop setting Move the 
stop (located behind dial plate) ag.iinst stop bracket. Tighten 
screws to lock the stop in position. 

IH AM) IH 1*1 A( IMI VI — Repairs arc not rc- 

coinn.v.iiled in the field. C'onln>l requiring rep.air should be 
reimncd piep.iid to (he factors to the attention of the Ser- 
vice Administration Deparlmcnt. 


CHROMAlOX WARRANIY — Thr t<Um I WirR.md Comr-^n/ |uJfanlfM its 
rrrj^Hfls nnlv |o bf irpiiMf ro’i’mfm.il UmiW. uRirss olber>rh« 

nl.ilrd In AMlinf P.»fls nunilrsllv drlrrfivi* Adi be frpiamd it no iddi* 
f.m.ii ro^t. bul pn n.iim$ Aiil bn .iiloAfvl rof l.ibor. rralcrlji. Of damajiei In- 
cOrnl In Ihis rrrl*'^ Ci.iims aiII nol be aHoAert lof miterlji damifid 
01 biPVnn m shipping. handlmR. insl.illinjt. or by abusn 

In .^d-Mton. Ihr rnnip.yny r.mnnl gu-ionlre piortnrls .iR.imsI riami||e re- 
MiltmK Ifoin forfosion. rlnrlfoly^i^. Of rlhef opni'ltn^ condilionj beyond 
oiii ri*Miiol Alii fi foidd irsidl In rir'iulmc l.idiirr ul Ibe pioducl 
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LOW LIMIT TEMPERATURE CONTROLLER. All 

The All Low Temperature Controller provides a warning of low temperature conditions 
at heating and/or cooling coils. The All is designed to respond to the lowest average 
temperature over any one foot portion of the 20 foot long averaging element. This con- 
troller has an operating range of *rom 35 to 45F. SPST co'^t.*cts are provided for either 
manual or automatic reset operation. 

GENERAL PURPOSE REMOTE BULB TEMPERATURE CONTROLLER. 

AI9ABC. AI9AAF. AI9AAC. AI9ACA AND AI9AAA 

The AI9 General Purpose Controller provides temperature control for a broad range of 
applications. Ranges are available for operation between -30 and 2^0F witn either a 
fixed or adiustable differential. SPST contacts, for open high or oocn low operation can 
ba provided with cither manual or automatic reset operation. The standard capillary is 
6 feet long. Optional 10 and 20 foot capillaries are also available. The open high model 
is available with a Factory Mutual Listing. 


LOW LIMIT TEMPERATURE CONTROLLER, AI9AAH 

The AI9 Low Limit Temperature Con'.'oller is for low voltage applications. SPOT con- 
tacts for open low operation are supplied. This controller has an operating range of 40 
to 1 20F and a fixed differential of 3/4®F. A 7-1/7 foot long averaging bulb is supplied 
as an integral part of the controller. This AI9 can be used with Cybertronic control sys- 
tems as an outdoor low-limit temperature controller. 

HOT WATER CONTROLLER. aI9ABC. AI9AO0 

The AI9 Hot Water Controller is available for either direct or remote well immersion 
applications. The operating range of the controller is 100 to 240F. The AI9. for hot water 
control applications, has an adjustable differential with SPOT contacts. The open high 
controller is available with manual reset and a 6 foot capillary for remote mounted well 
appi ications. 

REMOTE BULB CONTROL WITH RAIN-TIGHT ENCLOSURE. AI9ANC 

The AI9 Remote Bulb Controller is supplied with a gasketed cover :o protect against 
outdoor weather conditions. SPOT contacts are provided to operate over a range of 0 to 
I50F. This controller has a fixed differential and a 10 foot capillary.^ 

HAZARDOUS LOCATION CONTROLLER. AI9AUC. AI9BUC 

The AI9 Controller for haiardous locations is equipped with an integral coiled or remote 
bulb element. This controller is designed to operate over a range of -30 to 50F cr 20 to 
80F With a fixed differential. The remote bulb models are supplied with 6 foot capiMaries. 

SPACE THERMOSTAT. AI9BBC. AI9BAB. AI9BAC 

The AI9 Space Thermostats are provided with an integral air bulb. Ranges are available 
for operation between -30 and I I OF with either fixed or adiustable differential. SPOT 
contacts or open high operation can be supplied. 



AUTOMATIC CHANGEOVER CONTROLLER. AI9CAC 


AI9BAC 


The Al9 Automatic Changeover Controller automatically selects the heating or cooling 
operating mode of a SPOT thermostat. This controller has an operating range of 60 to 90F 
and a fixed differential. Either local or remote strap-on mounting of the bulb is possible. 

HOT WATER STRAP-ON CONTROLLER. A19DAC 

The AI9 Strap-On Controller can be mounted on either vertical or horizontal running pipes. 
SPOT contacts are provided to operate with a fixed differential over a temperature range 
of 100 to 240F. 



FLANGE MOUNTED DUCT THERMOSTAT. AI9EAF 


AI9DAC 


The AI9 Duct Mounted Thermostat is used forrooftop units, make-up heaters, duct heaters 
and all-air sys'.em applications. A flat flange is supplied for mounting. This thermostat ^ 
IS designed lo operate over a range of 30 to I I OF or 60 to I 30F with a fixed differential. 
Contact operation is SPOT. 

DUAL BULB THERMOSTAT. AI9FBC 


The AI9 Dual Bulb Thermostat is used for outdoor air reset control applications. A se- 
lected balance between heating requirements and heating capacity is namtamed. This 
controller is supplied with an operating range of 60 to I 4QF and an adiustable differential . 
Reset ratios of I to I or I to 1-1/2 are available. The indoor and outdoor elements have 
capillary lengths of 1 0 and 30 feet respectively. A bulb shield is supplied with ihc out- 
door element. 
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MANUAL RESET HIGH L.MIT CONTROLLER. A25AN A25CN 

The A25 Hifh Limit Controller opens on a temperature increase to the set pomi The 
operatinf ranfe of this controller is 25 to 21 5F A stop setting of I 2SF is also provided 
This flange mounted, manual reset controller is available with a Factory Mutual Listing. 

TWO-STACE TEMPERATURE CONTROLLER. A28AA. A28AJ 

The A28 Two-Stage Controller is supplied with two SPOT switches, permuting ^dependent 
control circuit operation of two networks. Controllers with operating ranges between -30 
and 1 40F with either a fixed or an adjustable interstage differential are available Models 
can be supplied with an integral coil bulb or with a remote bulb having a 6 foot capillary 

OPOT TEMPERATURE CONTROLLER. A28AB 

The A20 Temperature Controller provides simultaneous switching of two circuits for 
changeover control applications Two SPOT switches operate m unison Controllers with 
operating ranges of 20 to 80F or 60 to 90F are available to operate with a fixed differential 

TWO-STAGE FAN CONTROLLER. A28MA 

The A28 Fan Controller can control two single speed or one two-soecd fan or pump The 
bulb and capillary are neopreme coated for sump pump water control applications The bulb 
and capillary are tin plated for aircooled condensor applications Two SPOT contacts are 
supplied to operate with a fixed differential over a range of 40 tc 1 20F The capillary 
is 6 feet long 

MULTI-STAGE THERMOSTAT. A36AHA.' A36AHB 

The A36 Multi-Stage Thermostat orovides multi-switching operation from one houid filled 
sensing element. Four SPOT contacts ore supplied to operate over a range of 10 to 80F 
Either a I 0 or IS foot, plain or braided armor capillary is available 

PNEUMATIC LIMIT CONTROL A40 

The A40 Pneumatic Limit control opens an integral pneumatic switch when the sensed 
temperature reaches the set point. The A40 low limit control has a sensing element that 
responds only to the lowest temperature along the enure 20 feet of the sensing element. 

The A40 high limit control has a remote bulb that senses the air temperature in a duct and 
opens a pneumatic switch when the sensed temperature becomes excessively high. 

A40 low limit controls are available with or without manual reset. A40 high limit control 
has manual reset. • 

A40 low limit have a range of I5/55*F and a non-adjustable 5® differential A40 high 
limit controls have a range of 140/220 or 100/170 and a non-ad|ustable 10® differential 

HIGH LIMIT REMOTE 13ULB TEMPERATURE CONTROLLER. A70 

The A70 High-Limit Temperature Controller provides open high detection of a high-hmit 
condition A SPST or DPST contact arrangement for 4-wire. 2-circuit applications is sup- 
plied. This controller is available with an operating range of 100 to I 70F All models 
are equipped with a 6 foot capillary 

LOW LIMIT REMOTE BULB TEMPERATURE CONTROLLER A70 

The A70 Low-Limit Temperature Controller provides open low detection of a low-hmit 
condition. A SPST or DPST contact arrangement for 4-wire. 2-circuit applications is 
supplied. This controller is available with an operating range of I to 55F or 35 to 80F 
Lockout models require manual reset B-bulb* models are supplied with a 6 foot capillary 
Controllers can also be furnished with a 20 foot long averaging bulb 

TWO-POLE TEMPERATURE CONTROLLER. A72AE. A72CE 

The A77 Temperature Controller can be used as a warning of inadequate head pressure 
when evaporative condensers or cooling towers are used Open or close low double pole 
contacts are included within the NEMA 3 enclosure The bulb and capillar,^ are neoprene 
coated for corrosion resistance purposes This controller has an operating range of 25 to 
90F and an adjustable differential 

FLOATING OR PROPORTIONAL BULB TEMPERATURE CONTROLLER A80 SERIES 
The A80 Temperature Controller is provided with a SPOT non-snap-actmg switch, one 
potentiometer, or two pot*, nometers The A80 can position motor .actuators using the 
standard 135 ohm or optional 330 ohm potentiometer configyranor^ When two potentiometers 
are included, they are capable of oper.atmg m unison or m sequence with each other 
This controller is available with operaiirg ranges between -20 .md 245F The remote 
bulb element is 6 feet long, including the capillary 

ECONOMIZER CONTROL PACKAGE. A8IAA A8I GA 

The A0I Economizer Control pos'iions M0QB senes .actuators m outdoor-return air damper 
systems Mixed air control is provided with i 10 foot c.apiMary operating over a range of 
10 to 90F Change over control is provided with a 6 ^oot c.apiMary and either a SPOT or 
DPQT contact arrangement, operating over a range of 25 to 90F 
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PROPORTIONAL TEMPERATURE CONTROLLER. A82 

The A02 Temperature Controller is used with M80F and M0OH series actuators for in- 
dustrial heating, air conditioninf and ventilating applications. Either a single or dual 
bulb model s available The single bulb controller has an operating range of 50 to 90F 
while the dual bulb model has an opera mg range of 60 to I 4QF 
SOLID-STATE TEMPERATURE SENSING ELEMENT. A9IAAA. A9INAA. A9I PAA 

The A9I Solid-State Temperature Sensing Eler«nt is used for mdoor and outdoor air and 
immersion applications This A9I sensor can be used with electronic motor actuators, 
panels or signal centers Operating ranges available are 40 to 90F. 60 to I20F, and (for 
outdoor reset applications) 60 to I OOF 
FLOW INTERLOCK SWITCH. F60 

The F60 Flow Interlock Switch is supplied with a 5PST or SPOT contact arrangement 
SPST contacts close m response to a flow increase SPOT contacts are actuated when 
a predetermined amount of liquid flow exists Inline mounting is possible using the two 
I '2” N.P T. pipe connections 
GENERAL PURPOSE FLOW SWITCH. F6I KB 

The F6I Flow Switch detects a flow or no-flow condition m liquid Imes on refrigeration 
and heating systems Four flow paddle sizes are available for use m I". 2'*. 3*' or greater 
than 6" pipe lines The flow or no-flow condition is sent via the SPOT contact arrange- 
ment Either NEMA I or vapor proof NEMIA 4 enclosures are available 
SENSITIVE FLOW SWITCH. F6IK0 

The F6I Sensitive Flow Switch makes or breaks an electrical circuit when liquid flow 
starts or stops. Less than one gpm is required to actuate the switch This large flow 
capacity flow switch is mounted m-lme using either the two 1/2'* or two 3/4'‘ (depending 
upon the model) N P T pipe connections. 

AIR FLOW CONTROLLER F62AA 

The F62 Air Flow Controller detects a flow or no-flow condition of air m ail-air system 
ductwork This controller responds to velocity air movement only because of the stainless 
steel paddle arrangement Paddles are available m two sizes 2-1 " x 6-7/0" or 3-1 /0" 
X 6-7 0**. A SPOT switch is included m the air flow controller. 

LIQUID LEVEL FLOAT SWITCH. F63 

The F63 is for use m closed tanks where a desired liquid level is to be maintained. SPOT 
dependable, enclosed snap-acting switch provides proper action for ih^ application. These 
liquid level switches have a I '* NPT brass pipe connector. 

ON-OFF MOTOR ACTUATOR. M40A 

The M40A motor actuator is a two position motor (on-off action). Power requirements 40 
VA. 120 V.A.C. or 24 V.A.C. (suggest Y65 transformers for use with 24 V models). Field 
adjustable travel from 90 to 160 angular degrees. Requires SPOT low voltage controller. 
Timing is 60 sec. per 160 angular degrees, torque 35 lb. inches (approx. 25 sq.). non- 
spring return. 

PROPORTIONAL MOTOR ACTUATOR. M40B 

The M40B motor actuator positions dampers or valves m response to temperature condi- 
tions. Control signal input (low voltage) I 35 to 1000 ohms. 1/2 watt. 3 lead potentiometer. 
Power requirements 40 VA. 120 V A.C. or 24 V A.C. (suggest Y65 transformers for use 
with 24V models). Dual travel of 90 or 160 angular degrees Solid state drive and limits 
operating speed is 60 seconds per 160* angular rotation 35 lb. inches torque. Damper 
rating for 25 square feet. Non-sprmg return. 

PROPORTIONAL ACTION MOTOR ACTUATOR. M80A 

The M0O Proportional Motor Actuator positions dampers or valves m response tc ie'^.per- 
ature conditions Temperature conditions are sent to the motor actuator in th^ Torm o^ a 
control signal. The control signal originates from a remote balanced '--^uy or electronic 
contrc* panel A 135 ohm poicnnomerer arrangement is supplied »or operation with 24 
volt A C control systems Operating speed is 60 seconds for 160* angular rotation 
SOLID-STATE PROPORTIONAL MOTOR ACTUATOR M80F M80H 

The M80 Solid-State Motor Actuator positions d'jmpers or valves m commercial ana in- 
dustrial control applications. This general purpose actuator is usee 3-lead con- 

trollers offering resistances from 135 to 1000 ohms at I '2 wvatt Solid-state drive, ad- 
justable travel limits, and one or two adjustable auxiliary switches are all part of the 
basic actuator Models are available wuh or without spr«ng return for 24 volt A C control 
systems Operating speed is 60 seconds for 160* angular rttaiion. M80H is listed by 
Underwriter s Laboratories . inc. 

ON-OFF motor ACTUATOR M8IA 

The M0I Motor Actuator positions dampers and valves m a two-posmon manner This 
24 volt A.C. actuator is used with 3-wire SPOT controllers having a minimum current 
rating of I .0 ampere. Adjustable travel limits and one or two adjustable auxiliary switches 
are part of the basic Underwri ters ’ Laboratories listed actuator. Both spring return and 
non-spring return models are available with operating speeds of 60 seconds per 160* 
angular rotation. 
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ELECTRONIC TEMPERATURE CONTROL PACKAGE. M90A 


The M90 Electronic Control Packafe positions dampers and valves in HVAC systems 
The control packa|e can be used with one or two solid-state temperature sensm£ ele- 
ments. This 24 volt A C. control packate has an adiustable ratio, adjustable travel limns, 
and an operating speed of 60 seconds per 160* angular rotation. 

CONTROL CABINETS. M-8000. M-8100 

The M-8100 control cabinets are general purpose utility enclosures for use in grouping and 
protecting electric, electronic control cnmponenis. 



The cabinet frame Is 6063-T5 alloy with fluted surfaces. All comers riveted and support- 
ed. A face panel and mo*jncing back panel are supplied. The M-dlOO is listed by Under- 
writers' Laboratories and is used for line voltage sy«tc>ns or any other application re- 
quiring a rated cabinet. Sizes include widths i2 to 36". height from 18 to 48". depth 
from 7 to 



1*9100 


STEAM PRESSURE CONTROLLER. P47FA. P47CA. P47AA. P47BA 


The P4? Steam Pressure Controller is designed for high-hmii and operating control appli- 
cations. A Single. 01 two-pole contact arrangement for 4-wire. 2-circuit systems, can be 
supplied to open or close high. Operating ranges between -2J" w g ano ISO psig are 
available. Lockout models require manual reset 

LOW RANGE PRESSURE CONTROLLER. P67AA 

The P67 Low Range Pressure Control is used to operate an electrical device m response 
to a pneumatic control signal A DPST contact arrangemet.* is provided to open m re- 
sponse to a decrease m pressure This controller has an operai.n^ range of 3 to 30 psig 
and an adjustable differential of I -I ^'2 to 20 psi 



P47 Series 


DIFFERENTIAL PRESSURE CONTROLLER. P74JA 

The P74 Differential Pressure Controller is used to operate an electrical device «n re- 
sponse to a difference between two input pressures A SPOT floating contact arrange- 
ment IS provided. This controller has a differential pressure range of d to 60 psi and a 
fixed differential of 2 psi A I ^4" SAE male connector is provided for each input 

DIFFERENTIAL PRESSURE CONTROLLER. P74FA 

The P74 Differential Pressure Com. 'er is used to operate an electrical 'device m 
response to a difference between two mput pressures A SPOT snap-acting contact ar- 
rangement IS provided This controller has a differential operating range of 8 to 60 psi 
and a fixed differential of 3 psi. A l/'4" SAE male connector is provided for each input. 

PROPORTIONAL PRESSURE CONTROLLER. P80 SERIES 
The -*80 Proportional Pressure Controller is used ^or positioning electronic motor actu- P74 Senes 
ators One 135 ohm potentiometer is part of the pressure controller This controller has 
an operating range between -20” w g and 500 psig and an adjustable throttling »ange 
The P80 controller is for 24 volt A C control systems 

CURRENT SENSING RELAY. RIOA. RICB 





P80 Series 


The RIO series current sensif^g relays detect a wide variable current flow m a smgle cir- 
cuit withou; being connected to the circuit. Specifications R i OA -Normally Open Contacts. 
R I OB No.mally Closed Contacts. RlOA - Current for contact change of state 4 amp to 
opei. 14 amp to close. RlOB — Current for contact change of state - 25 amp to open 
10 smp to dose. Maximum inrush current - 200 amp. Maximum sustained current - 60 
amps. Circuit supply voltage - Max. 550 volts AC only Switching capacity - RIGA - 
30'^A non-inductive , RlOB — 3 watts non-mducii ve 

PROPORTICNAL STAGING CONTROL. R20A. R20C R20E 

The R20 Proportional Staging Control provides step control for liquid chillcrri. electric 
duct heaters, electric boilers, and heat pumps m response to a prooortmnai control sig 
nfl The 24 volt A C. control, capable of accepting resistances of 300 to I 000 ohms, has 
a thermal power element to operate 4. 6 or 6 stages 

SDLID STATE SIGNAL CENTER. R2IAA R2IAB R2IAO 

“he R2I Signal Center has an SCR included for 'closed-loop ’ control The 24 volt A C 
fignal center accepts a r*gnal from a solid-state temperature sensing element m order to 
lontrol damper or valve actuators This signal center is av.iilabir ^irh ar> ndiustabir set 
point and will accept resistance inputs between 300 and 1000 ohms 

ELECTRONIC TEMPERATURE CONTROL PANEL R9I OAA 

The R9I Electronic Temperature Coritrol Panel is used to position motor actuators con- 
nected to valves or dampers The control panel will accept inj>ins from two eiomcnis 
simultaneously to provide a reset schedule The 24 volt A C pam-i should be used with 

lohil stele leinpiirehif e ^en^ing elainunls Ailjusiiiiniii s (tie jiiuv' Ir - lirmnalh 'n ..tvei 



R7 I Series 


B-18 




•'t'OR QUALITV 


PENN CONTROLS A DIVISION OF JOHNSON SERVICE COMPANY 

2221 CAMDEN COURT • OAK BROOK. ILLINOIS 6052 I 


tLL^- I 

PRODUCT 

DIRaCTORY 


TWO-POSITION ELECTRONIC RESET CONTROL PANEL. R9I BBA 

The R9I Reset Control Panel provtcJei outdoor reset o^ hot water temperature Two $ohd-« 
state temperature sensing elements are used with the panel On-ofI switching is provided^-' 
to operate low voltage (I amp « 25 volts A C ) gas valve relays The 14 volt A C. reset 
control panel has adiustments beneath the cover 


ELECTRONIC TEMPERATURE CONTROLLER. R93EA 
The R93 Temperature Controller is used with a remote sensor and set point to position! 
one or more motor actuators. This controller has a dual output and a scale range of either] 
40 to 90F or 60 to I 20F 

AUXILIARY SWITCH KIT. S9IAA S9IBA. S^l CA 

The $91 Auxiliary Switch Kit is available with one. two or four SPOT snap-actmg switch- 
es The switches mount to any motor actuator Individual adiustable operating points pro- 
vide for various differentials 

LINE VOLTAGE THERMOSTAT WITH SELECTOR SWITCH. T22 SERIES 
The T22 Line Voltage Thermostat is available for heating, coolmg. and heatmg-cooi mg 
applications This standard or heavy duty thermostat can be supplied with an external 
knob, key hole, or concealed set pomt adiustmcn: This thermostat has an operating range 
of 40 to 90F A liQjid charged sensing element and snap-actmg contacts are also sup- 
plied The controller is equipped with field adjustable limit stops 

FAN COIL THERMOSTAT T23A T23B 

The T23 Fan Coil Thermostat is a line voltage control designed 'or heating, coolmg. 
or heatmg-coolmg applications It is equipped with a three speed tan selector switch and 
field adjustable limit stops Tne range of this thermostat is 50 to 90F Operating voltage 
IS either 120 or 240 volts A C 

TWO-STAGE ROOM THERMOSTAT T25A 

The T25 Two-Stage Room Thermostat is designed for low or ime voltage applications 
Two SPOT snap-actmg contacts switch response to the temperature changes sensed 
by the liquid charged element tither an external knob or key adjustment is provided 
*ot set point change* This thermostat is also provided with field adjustable high limit 
stops Operar-r.g range 'S from 40 to 90F 

LINE VOLTAGE THERMOSTAT WITHOUT SELECTOR SWITCH. T26 S*ERIES 
The T26 Line Voltage Thermostat is designed for heaimg. coolmg. or heatmg-coolmg 
applications. Standard or heavy duty models are available with either an external knob, 
key hole or concealed set point adjustment Snap-acting contacts respond to temperature 
change sensed by the liquid charged element. This thermostat has field adjustable limit 
stops and an operating range of 40 to 90F 

FAN COIL THERMOSTAT T28 

The T28 Fan Coil Thermostat is designed for heating, coolmg and heaimg-coolmg appli- 
cat'ons This thermostat is available for 120. 208 or 240 volt 50 '60 Hz operation Snap- 
actmg contacts respond to temperature changes sensed by bimetal element When desired, 
a thermometer can be supplied m the cover Operating range for this thermostat is 55 to 
95F An optional fan switch is available for one. two and three speed fans 

LOW VOLTAGE WALL THERMOSTAT. T5I 

The T5I Low Voltage Wall Thermostat •$ designed for heating, coolmg and heaimg- 
coolmg applications This thermosrat has the sensing un.t and wiring sub-base supplied 
as two scperabic units A selector switch is part of the wiring sub-base assembly Snap- 
actmg contacts respond to a bimetal temperature sensing element This 24 volt 50-^60 Hz 
thermostat has a range of 55 to 85F 

LOW VOLTAGE AUTOMATIC CHANGEOVER THERMOSTAT T5I B 

The T5I Automatic Changeover The mostai is available for one stage heaimg and one 
stage coolmg applications A SPOT contact arrangem#*nt h.avmg a neutr.al center posi- 
tion. responds to temperature changes sensed by the bimetal element Two separable 
units the sensing unit and the wmng sub-base make-up the thermostat This 24 volt 
50 '60 Hz thermostat has an operating range of 55 to 85F 

LOW VOLTAGE MULTI-STAGE THERMOSTAT T52 

The T52 Muiii-Stage Thermostat is designed for air condu onmg systems where auiomaric 
swiicnover of multiple heaimg and coolmg stages 'S required The thermostat is ecuipped 
.h or without manual switches Mercury switches are directly coupled to rhe bimetal 
sensing elements fpr qu'Ck response to temperature changes Models are available with 
one or iwo-stage heatmg and one or two-stage coolmg Heating operating range is 50 to 
85F coolmg range is 55 to 9QF 
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MUMIOOSTAT. W43A 

Th« W4) HumiUoitat is «Jillifnf»d for 3*wir« SPOT sn.->p-.ict «r» | control applicMions Thu 
human hair sensing element responds over an operating range of 0 to 90*^ R H with a 
4% R H. differential. This humidottat has a 1/4 horsepower rating and field adjustable 
high and low limit stops. 

ELECTRONIC MUMIOISTAT. W93 

The W93 Humidistat Is designed for proportior.il control of humidifying and dehumidify ing 
equipment. This humidistat positions one or more Penn Senes M80F or M0OH motor actuator 

The human hair sensing element responds over a range of 10 to 70% R H. 

DAMPER AND VALVE LINKAGE. Y20 

Series Y20 linkages are supplied for connecting Penn electric and electronic motor actu- 
ators with dampers or valve bodies. Y20 damper linkage sets can be supplied which con- 
tain all the components for proper linking. Y20A valve linkages are furnished for the vari- 
ous valve bodies. When ordering the type valve body and size must be indicated. 

TRANSFORMERS. Y65 

The Y65 transformer is an improved 40 VA. 24V transformer, which replaces the Y6I 40 VA 
series. The Y65AJ-I is a plate mount, 120/24 volt transformer. Y65AS-I ‘S foot mounted. 
120/24 volts; Y65BJ-I is plate mount. 240/24 volts. Foot mounted models have 1/2 — 
14 male N.P.S. conduit hub. 



MANUAL POTENTIOMETER. Y45 

The Y45 Manual Potentiometer is used for manual control of motor actuators Either one 
or two potentiometers with euher 135 or 350 ohm resistance values arc supplied The 
mounting plate is equipped with close-open markings 

REMOTE SET POINT CONTROL. Y45BA 

The Y45 Remote Set Point Control is designed to vary .i terr^per.iiure set pomt of the fmal 
controlled device from a remote location This Remote Set Point Control «s designed for 
use with electronic sensing elements and has operating ranges of 40 to 90F and 60 to 
I20F available. 

40VA TRANSFORMER. Y6IAJ. Y6IAS. Y6IBJ. Y6IBS 

The Y6I Transformer is available with foot mountings and conduit* hu^^s or .i mounting 
plate for a 4" k 4" box Models can be equipped for 60 Hz pnm.iry operation of either 120 
or 240 volts to provide 24 volt secondary power For foot mounted models electrical con- 
nections include 8" pigtail leads on the primary side and 30" leads on the secondary side 
Plate mounted models have 8" pigtail leads for all connections This transformer .s NEC 
Class 2 energy limiting 

40VA MULTI-MOUNT TRANSFORMER. Y6IAR. Y6I BR. Y6ISR 

The Y6I Multi-Mount Transformer is supplied with a combination plate, ^oot and hub 
mounting Models are available with either 120. 208/240 o»^ 240 volt 60 Hz primaries to 
provide 24 volt secondary power Electrical connections are completed with II" pigtcil 
leads on the primary and three terminal screw connectors on the secondary 

50VA TRANSFORMER. Y63 

The Y63 Transformer is available with foot mountings and conduit hubs or with a mounting 
plate for a 4" x 4" box Models arc equipped to operate with a primary voltage of either 
120. 200/240. or 480 volts. 50/60 Hz to provide 25 volt secondary power Electrical con- 
nections for foot mounted models include 8" pigtail leads on the primary and 30" leads 
on the secondary Electrical connections for plate mounted models are all 8" pigtail 
leads This transformer is NEC Class 2 internally fuse piotected 

lOOVA TRANSFORMER. Y64 

The Y64 Transformer is available with foot mountings and conduit hubs or with a mounting 
plate for a 4" x 4" box Models are equipped to operate from a primary voltage source of 
120 or 200/240 volts. 50/60 Hz to provide 25 volt secondary power Electrical connections 
for foot mounted units include 0" pigtail leads on the prim.iry and 30" leads on the sec- 
ondary All connections on plate mounted units arc 0" lends 

75VA TRANSFORMER Y66 

The Y66 Transformer is available with foot mountings and conduit hubs Primary voltage 
specifications are 208/240 volts. 50/60 Hz m order to provide 25 volt secondary power 
Electrical connections include 8" pigtail leads on both the primary and secondary sides 
or 8" on the primary side only with terminal screw connectors on the secondary This 
transformer is NEC non-energy limiting Class 2 and it contains a manual reset circuit 
breaker 



Y4S 5€ri«i 



Foot Mounted 



Mulii-Mounted 



Plate Mounted 
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EtCCIHIC 

PRODUCT 

OIRLCIlHO 


0 ^^ Poor quality 



PENN CONTROLS 


A DIVISION OF JOHNSON SERVICC COMPANY 

222 1 CAMUEN COURT • QAK BROOK. ILLINOIS GOS2 I 


PROPORTIONAL WALL THERMOSTAT T80 SERIES 

The T80 Propofoonal Wall Thermosiai positions motor ac^tuaiors m response to temper- 
ature changes sensed by the liquid charged element Either one or two potentiometers 
can operate in sequence or m unison A ?3S ohm resistarvce *s standard, but a 330 ohm 
resistance is available, for the potentiometers. The operating range of this thermostat 
is 58 to 83F 

SOLID-STATE ROOM TEMPERATURE SENSING ELEMENT T9IAAA. T9IABA 
The T9I Temperature Sensing Element senses room temperature for a Signal center The 
signal center then positions motor actuators m response to temperature changes Remote 
Of integral set point adiusiment is available The operating range of this element is ^0 
to 90F 



T80 Series 


SOLID-STATE ROOM TEMPERATURE SENSING ELEMENT WITH SWITCHES. 

T92A. T92B. T92C 

The T92 Temperature Sensing Element is designed for room ie*^perature sensing appli- 
cations. The thermostat has two separable units, one is a sensing unit and the other is 
the wiring and switching sub*base with fan and system switches This sensing element 
has an integral set point adiustment for an operating range c* 55 to 85F 

ELECTRONIC ROOM THERMOSTAT. T93 



The T93 Electronic Room Thermostat is designed to position one or more motor actuators 
in response to room temperature changes Both direct and reverse actmg models are 
available with an integral set point This thermostat has an operating range of 40 to 90F 

TEMPERATURE ACTUATED VALVES. V47 

Senes V47 valves are modulating type valves actuated by a temperature element They 
regulate flow of water or other liquids not harmful to the valve Three temperature ranges 
are supplied as standard. 75/1 35F. I I S to I80F and 160 to 230F 

Standard valves are supplied with 6' armored capillary and a 1-1/2" NPf closed t?nk 
fitting (style 4). A bypass plug kit is furnished for use where an internal bypass hole 
is needed. 


T92 Series 



FAN COIL VALVE. V70 


V47 


The V70 Zone Valve is available for norm.illy closed iwo-position motor actuated oper- 
ation. When normally open operation is desired, the valve is reversed m the f*e'd The 
valve may be changed from N O. to N C. or N.C to N 0. by rotating the body 100*. This 
rone valve can br equipped with either I '2" I D inverted flare or 3 '4 " I CT sv eat con- 
nections This valve requires 24 volts. 50 '60 Hr for operation 

ZONE VALVE. V70 

The V70 Zone Valve is available for normally closed two-position motor actuated oper- 
ation When normally open operation is desired, the valve 'S reversed m the field This 
rone valve can be equipped with either I 2" I D inverted ^arc or 3 '4" I 0 sweat con- 
nections This valve requires 24 voUs 50 '60 Hz *or operation 



TWO-WAY. SINGLE-SEAT GLOBE VALVE. V90AA 


V90AA 


The V90 Globe Valve regulates the flow of steam or water through air cond ' tionmg. heat- 
ing or cooling equipment The valve has equal percentage flow characteristics Connec- 
tions are as 'oHoWs I '2" through I -I '2" — one union end. one screwed end. I -I '2 
through 2" — two screwed ends. 2-1 '2" through 4 " — flanged connections 
TWO-WAY. DOUBLE SEAT GLOBE VALVE V90BA 

The V90 two-way. double seat valve regulates the flow of s"*‘»m. water or air m either a 
two position or proportional manner For applications wnerc the operating differential 
pressure exceeds the rating on V90 smgic seat valve and absolute tight shutoff is «ot 
required. Connections arc as follows I -I ''2" and 2" — screwed ends. 2-1 '7" through 8" - 
flanged ends This valve has linear flow characteristics 
THREE-WAY BYPASS VALVE V90CA 

The V90 Bypass Valve is designed for regulating the flow of hot or cold water m two- 
position or proportional service applications Connections ar^ .ts follows • 2" through 
2" — screwed connection on bottom port, union connections on S'dc ports. 2-1 '2" through 
6" — flanged connections on all ports This valve has quick opening flow characteristics 

THREE-WAY MIXING VALVE. V90DB 

The V90 Mixing Valve is designed for proporiirnal control of hot or co*d water Connec- 
tions are as follows I ''2" through 2" - sci-cwed ends 2-1 -7" through 4 " - flanged con- 
nections The I /2" through 2" valves have linear flow characteristics The 2-1 '2" through 
4“ valves have equal percentage flow character i sties 

HUMIOOSTAT. W42AA 

The W42 Humidosiat provides 3-wire SPOT snap-actmg control «n response to Humidity 
changes A human hair sensing element s used m both the low line voltage humidosiat. 
This humidostar has an operating range of 10 to 90% R H with a 4% R H differential 



W42AA 



T9 1 Series 



T93 



V70 



V90BA 



V90DB 
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McDonnell no. fs4-s and 

No. FS4-3-20 FLOW SWITCHES 

Make or Break an Electrical Circuit 
When Flow in a Pipe Starts or Stops 

Those McDonnell Flow SwUchos offo' un oconcmical and positive way to 
start or stop almost anything electrica ly operateo. They servo as automatic 
controls or safety devices in air connitioning, heating and water systems, 
and In processing work. Design and operation of the two switches are the 
same, except No. FS4-3-20 includes a 20-socond time delay to eliminate 
false starts from temporary surges or fluctuations. Here ara a few specific 
applications of McDonnell Flow Switches; 








Actuate a signal light — signal an attendant to 
make the right moves in operating valves, pumps 
and the like ^signal him when flow stops in a 
water cooled compressor, water cooled beorings 
and so on. 

Sound an alarm — when flow stops in a process 
system or in any water cooled device. 

Start or stop motors — start pumps in sequence 
in multiple stage flow systems: start standby 
pumps; stop automatically controlled units if 
cooling water system fails; stop compressors in 
cooling system when flow stops. 

Start or stop automatic burners • start a booster 
heater when water draw occurs; stop burner If 
flow is improperly retardeo; make sure of circu- 
lation In a boiler before burner is permitted to 
start. 

Actuate metering device—open valve in chemical 
feeder line; start mixing in secondary line when- 
ever flow starts in primary lino. 


McDonnell Quality Throughout 


Easy Wiring— Cover completely 
removable. No cramped quar- 
ters. no danger of kinked wires 
Interfering with operation. 

Two Knockouts— Connect con- 
duit at either side of housing. 

Swiheh-singie pole, double 
throw. Compact In size. Power- 
ful snap action assures depend- 
able operation. 





Knife-Edged Bearings of hardened stain- 
less steel minimize friction. 

Adjusting Sertw-Provides simple way to 
adjust sensitivity to flow. 

Packlest — Heavy duty monel sylphon 
seals switch assembly from line. 


a 

f 'D , 


Underwriters' Laboratories 
Listed 

Mailmum working 
pressure, 150 psi ^ 

Maximum tem- 
perature, 300*F. 

Packed shipping 
weight, 216 lbs. ' i 


No, FS4-3 flow 
Switch shown 
mountod In a 2- 
Inch fee 


«.”»/ pT 

i' 






OlA CLCCT 

KNOCKou rs 








No. FS4-3-20 
Includes 
Solid State 
Time Delay 





-LI 


I'tvC 

: — Ji. 


3-ln-one Parldle— Segmented monel 
paddle quickly adaptable for 1" to 3* 
pipe. Extended -TTT ^ 
monel paddle il-j|1l“l Jrll"T /Hw 
lustrated also in- ^ I [ ^ vi'— i 

eluded lor larger y 
pipe sizes I 


r'l 


No. FS4-3 


Provides factory-fixed 20- l 

second delay on make. J 

100% encapsulated. 5^'*^ 

mounts right on switch 
housing. For use where 

temporary surges In flow, water hammer or minor fluctua- 
tion In system pressure might cause fa'se starts or switch 
fluttering. Input— 115 volt A C ; Output— 1 ampere RMS 
steady state maximum. 20 milliamperes minimum. 


McDonnell & MILLER 

3500 N. Sp-Tuldinq Avenue, Chicago, III 
Tcl; (312) 267-1600 


hnois 60618 
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Mi;OONNELL No. FS4-3 AND No. FS4-3-20 FLOW SWITCHES 


The table below %howt the flow raiei renuireJ to acttiaie the 
No. FS4-3 Flow Switch. 

**Flow" means chat the switch will close circuit 1*2, and open 
circuit 1-5, when the flow r.ite is incre.iscd to the (U'M shown. 
(See acbematic switch action "Mow" at ri*thi.) 

••No Flow" means that ibe swiichwill open circuit 1*2. and close 
circuit l*3i when the flow rate is decreased to the (iPM shown. 
(Sto tcbematic switch action "No Flow" at right. ^ 


r# • 

f 1 

® (y (i) 

1 

[f— 1 


) 

FLOW ^ 0 ^ NO FLOW 


FLOW RATES REQUIRED TO ACTUATE FLOW SWITCH 

Flow rotot In gallon! por mlnuto (GPM) ihown In black. Velocity In feet per fecond (FPS) ihown In color* 


*|-'quipped with extended paddle trimmed to pipe site. 


Pipe Size in Which 
Flow Switch Installed 


r 

154 " 

1 /r 

2 * 

i'/r 

3 - 

• 4 * 

• 5 * 

•6' 

Factory 

or 

Minimum 

Adjustment 

Flow 

GPM 

6.00 

9.80 

12.7 

18.8 

24 3 

300 

39.7 

58.7 

79.2 

FPS 

2 24 


100 

1 80 

1 . G 3 

1.30 

1.00 

0.94 

0.81 

No 

Flow 

GPM 

3.60 

5.60 1 

7.00 

9.40 

11.6 

12.0 

19.8 1 

1 29.3 

396 

FPS 

1 34 

1 21 

1.10 

0 90 

0.78 

0 52 

0.50 1 

1 0.47 

0 44 

Maiimum 

Adjustment 

Flow 

GPM 

10.2 

16.8 

23.0 

32T8 

42.4 

5 * 2 Ti 

73.5 

1 ItS.O 

^ 66.0 

FPS 

3.91 

3 62 

*362 

3 14 

2 74 

2:6 

1 80 

1 1 85 

1 84 

No 

Flow 

GPM 

9 2*0 

150 

19.5 

24.0 

37 5 

46 1 

[ j 47 

92.0 1 123.0 

FPS 

3 43 

1 323 

1 3 07 

~~ 22 ^ 

2.51 

2.00 i 1.62 

148 I 1.37 


flow rafo*' are t^fuch msy v4fy 1 J0% from Ubulstad va/uas. 


Ilectricel Rotlngt (Undtrwrittn* titled) 


Ampara Roiinf 


Motor Duty 

1 1 5 V.A.C. 

230 V A.C 

FwR lood 

7.4 Ampi 

3.7 Ampi 

lockod Rotor 

44.4 Ampt 

22.2 A^rpi 


1 1 3 V.O.C. 

230 V.D.C. 


0.3 Amps 

0.1 3 Amps 


rilot Oufyr A.C. 123 V.A.. M3 23C V. 


Instollation 

Flow swiich should he mourned in .i horironial run of pipe. 
Avoid locations immedistcl> adjaieni to elbow s. orifices or 
valves. Mow switch shouM he mounted as close as postihle 
to pipe. Msc a tee 'or reducing tee with a I* hr.inch, 
or, if weliling fitting is used select a weUling neck of 
minimum length. In position p.iiltlle should he .it right 
angle to (low, with arrow pointing in s.ime direction 
as (low. If temperature of pipeline exceeds 220" F. use 
wire suitable for ('.. i |'. . 


rtOW 



Other McDonnell Flow Switches — All Underwriters Listed 


• Sentitivify to Flow Adjustable • Single Pole Double-Thr^w Switches 



Na.PSI — Actuated hv low flow, with l.irge 
flow-through capacity Partic ularlv suited 
for home water purilication systems, as 
well as cooling systems for elcitronic 
tubes, hearings, compressors, etc. M.is ' ^ 
inch inlet and outlet tappings. For pres- 
sures to 100 psi, temperatures to 22 3 F. 



FS4-9f Sarlai —Similar lo No. FS4-3 ft- 
cept furnished with a specially designed 
tec, thre.idcJ for ‘ i inch or I inch pipe. 
1 hese are particularly sensitive switches, 
specially designed for use where flow 
rates are insullicient to actuete other 
types of flow switches. 


rSA Sarlat Si mil.ir to No. I Si, hut for 
h(H)k*iip to inch and I iiuh pipe Nos. 
FS6*^i IN. and I so- 1 IN'. respectoeU . 
Applications include sm.itl and medium 
sue water treatment systems, booster 
pumps to increase low city water pres* 
sure, etc. 





rS7 Series For heavier tliitv service or for 
use skiih process li«|uuis Standard, vapor- 
proof or cxplosion-prool construction, 
with wetted parts brass or stainless steel. 
Installed in a tee or welded half-couping 
and fits pipe l'| inch or i.'irger. For pres- 
sures to 1 000 psi. temperatures to 300* F. 


Bulletin No. L-137H 
Printed In U.S.A. 


McDonnell & miller ITT 

3500 N. Spaulding Avenue. Chicago, Illinois 60618 
Tel: (312) 267-1600 Telex: 25-3376 
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INSTRUCTIONS 


I 849 


“'.i 


On Dt^lny 
Timing ftflof 


AC PNEUMATIC TIMING RELAYS 



'iTloV 

On Drhif Itriny 

»/On» S«> Auathaff ConEmfi 



f^n Orinf Timing ^^Int 
w/fwO Tim»ni| (>nit| 


'// * 



On 0*fnr fiimng M^lof 
mf\wn S*Tl Awailiory Conlo<fi 


DESCRIPTION - Thi> Bulletin 049 AC timing relay ii a 
pneumatic type relay. A synthetic rubber bellows is acti*- 
oted by the stroke of on AC solenoid. Timing relays can 
provide the time delay in either of two bosic arrange 
m«»nts. The first arrangement, On-Dclay provides the time 
delay after the coil Is energized. The second arrange 
ment, Off-Delay provides the time deloy after the 
coll Is de-cnergized. Basic On-Dcloy timing relays 
can easily be converted to Off-Dclay operation ond vice 
verso. Refer to Page 4 for converting details. 

INSTAUATION — Bulletin fl49 timing relays must tie 

mounted in the vertical position, with the solenoid mech 
onism at the top, timiisg un*t(s) nt the bottom. (See illustra- 
tions obove) 


ENGINEERING DATA- 

Contact Rotings — The tunr-r contucts and ttie uuKilmry 
contacts have a control cn«.uit rating as follows 


1 

DC_ 1 

Ma 

N 

M.1I Ac” 

VollaL’r» 

(lO or VI H/ 

liitiuin 

EMA R 

Amp 
M ik.* 

Contac 
Jling 0 

eret 

Mir.ik 

Rating Per 
csignalioii AC 

rOMtUUliMlS 

r.urYM'R 

riiMrnI 

Polf 

00 

VoItjM 

Miki- 

iperes 

Mi.il 

Voltage 

Range 

Ampere 

Rating 

l?l) 

?.;o 

4*10 

r,no 

V) 

h 

1? 

t. 

t 

1 5 
1 ? 

10 

n 

10 

ID 

/.MVI 

/.’IIO 

/.'DO 

/.II 
; M 

/.'O 

ns i;s 
.■ to ?Vl 

0 1 

1 ' 


Note — Circuits wired to a contocf unit must be of the 
some polarity. 


Timing Ponge — \ 20 second min. to 180 seconds man. 

Repeat Accuracy — Ap|)ic>Kiimitely i 1 O^o of tune 
A numnuin reset time of /S milliseconds must be provided 
to attain ftie lepetitive accuiacy. 

Temperature Ronge — 0'' F to | 104'' F (StaiutuMl) 

20 F to I 160' t (Wide Riin(|f* fMln.oer* rul>h»*r 
brdlows.) Note — MirTifiium teinpr*iaturr is isasert on ttie 
absence of freezing moisture or water. 

OPERATION — When the solenoid plunger (10) is le 
tracted from ttie pusti rod (11) it allows tt^e spiing I 0 
locatect inside Itie synttietic rulrher bellows ( ) ) to push the 
timing mechanism plunger (4) upweird As ttie pU'iiger 
rises, it causes the over-center toggle mechormin (6) fs> 


move the snap action toggle blode (6) upword which in 
turn picks up the push plate (7| which comes the movable 
contocts (8) 

The speed with which the bellows can expand is deter- 
mined try the setting of the needle valve (2). If this 
needle valve is nearly closed, on appreciable length of 
fi.ne will be required fo' cur to pass it and permit the 
helloes to eupcind The setting of the needle volve deter- 
mines tlie tune interval which must el(if)se between opera 
tion of the solenout nctuntor ond expanding of the bellows 
to operate the contact unit. 

When the push rod (II) is cicjam depressed by the 
solfiioict pU'nr|«»r ( I O), it forces the timing mechanism 
. - plungnr (4) to thu lower positioiT, exhausting the air through.,.^, 
the release valve (9) and resetting tFie timer almost in- 
stantaneously 



REPAIRS - Timing relays con be disassembled os de 
pictnd in the illusli ations on page 2 of this instruction 
sheet. Additional consideration should be given to the 
(ollowing technupie. 

REPLACING CONTACT UNIT - The toggle t,lade (6) on 

fie timiluj rniMtuiniMn must tie m its down position to fit 
ir’*o ttie pust) plate (/) of the conicut unit. Refer to cutoway 
illuNtrniK'n nt>ovr» Holit d''wn ttie push rod (11) and 
f'lp file tocjrjie bliuie (6) down Then ploce the contact 
unit ifT position being sure fluil ttie loose b(ock phenolrc 
msuliilion, that isolat<*N tire contact cavity is in ploce 
Sr'cuie with two moL'ntuuj screws After assembly, check 
for nonmil coritact Of>eration. 


Publication 849-5 0 — Januory, 1977 
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ADDING AUXUIAKV CUNIACIS ~ w finovr A|Hiim m<| i ml pliil^ iiANfMiihly (lom Ihr soinrioid Minihiini\m unH 

diunfil. Ihf« rrliim Apiin^p tm lltr nf*w ^piinp Auppoil pliilt* M'ppl«f«fl willi IIih iniiiliMiy (rntliKl kil m«i\l liA itu^rlarl 

liilo llir pin. hn mmi« lopgir* i\ plmril nvn (tmilM wIm*m <iimnip*fi lot nM ilnlny opf*iiitiu«i) Ihif opDUlluiy CHiyld. 

Ihwi %rruf<» i*rw Aptinq luppotl pinir In tl»r Aolrnoicl RrlririKiMl pniK illwAlrcilnH brlow 


O^ffAllnf 

Anflf 


$«len«l4 

•ate 

Aiiambly 



On-Dalay Timing RtUy— Formarly Slylt A— lllutiralad 
(other types ol timing relays arc similar) 


D Call Clamp 


^ A Plunger 

rli Guide 


O D Oper jlinf Ceil 
(refer lo p^fn 4i 



O A IntlantAneeut 
Auiiliary Caiitactt 


0 Ttniing Mcchanitm 
(nr/oconlicl unili 


O Contact Unit 


-If 


*' Alwnfi 
rrpfoc^ 
iniwlolinn" 




^Spring Support 

Platt Attcmbly 



"Afwoyl 

frrltu* 

iriw<ori«n** 




Timing Mrclianiim 
Temperature Rangct 


SlA'Ul.lld 

W.dn 


0 f In I 101 f 

?n I In I ISO r 


NOTE “ Mmimjm Irmprralorr it 

botrd on Ihr obtrnce ol Irerxing 
monturr or wotrr 


Complete I ^ 

TmmiQUnil mo..lu.r or woU- 

A Included In nwaOtofy conlaci 

O CoACovt lido ol coil clamp to bn aqointi coil, oppotOn T end ol tolrnoid plunger. 

O Molded coil ihown it interchangeable with olJ ttyle coil. 

0 Refer lo Poge 4 for bellowt and air inlet filler litlingt. 

NOTE - Par t indicoled with O ore recommended Apo»e poilt. 


TIMING RELAY IDENTIFICATION — The table below it cfetiqr»ed to ottitl in the accurate idrnlifiention of a timing 

relay. Knowledge of fhe timing relay's catalog ntmber coupincj with dolo from the toble will determine the complete 
d^Kfiplion of the relay. Once the description of the timing relay is determined an accurate seleclion of replacement 
ports con be mode from the table on poge 3. EXAMPlE: Catalog number 849-ZOA37S. the basic catalog number is 119-ZOA. 
•he suffiA identificblion is 3? (see ta^ie), the modification code number is 5 (*ee table) ond a complete descriolion of the 
reloy is "on on deloy timer with a maintained contact timing unit, formerly known as o Style AM timing relay." 


•atie Cataleg 

Number Suttii 
Itfcntifleatien 

Description 

of 

Timing Relay 

32 

On Delay Timr !<• hy 
Afirr Cnil is t nr'i|'i/r | 

33 

Oft-Dclay liinr Drl.iy 
After Coil is De enrigi/cd 

1Z2 

On Oelay with t 
Timing Units 

123 

OtI-Delay with T wo 
Timing Units 

124 

On and Oft Delay 

Double Unit 


Modification 

Code 

Number 



Former 

Modificallaii 

letter 


Desciiption 

ol 

Modilinlimi 


One set of Inst.intanr^iis 
Atiiili.iry Conl.Tils (IN0 NCl 


Onl liiiiir.iliii on 
T immg MecUaniMri 


Mainl.iiord CoiilAci 
Timun Unit 


T wo sets 0* InslAiil lneoiiS 
Aiiiiliary ConlAfls (?N0 NCi 


Silicone Rubbei Bellows for Wide 
Temp RAMRf( 70’ r to ♦ ISO r ) 


CoMitxnAtion of modilications Nos I and 7 (OX) 


Co'iihination of mod'ticalions. Nos 7 and f (OXX) 


ComlMii.ilion of nioditicalions. Nos I and ^ (MX) 





































I iNEWAl 'pARTS 

N01I •“ linnk U ffi# pO'Vl *ol»U flint liming rflofi, d^Uiipfion onH modificolion wh«rt 

tt«n lilcmk ••l<f«. nnl mnniilnffw* I'd. hii In Hm ilnf# nn ilm imfiiirtirm «t«nnt Tn ilnfntminn IK# nvnll* 

iililldy of lw<K a liming »#f#f In Ihf n#n»#if All#n ItMidlry S«d^i 0*fu^ nr thn Sulri Off'(^ ot Milwciwkoo. 



OnOtU? 

f prififfly 

Sirir A 

on Delay 

t nin-rtly 
Sikir 1 

OnDetay 
W Uo 
liming Unit*, 
f OMiirrly 
Style H 

Off Delay 
W'Uo 
Imiing Units 
1 ormfdy 
Style 1 

On an! Oft 
Delay 

Oonbtr Unit 
forr • riy 
Style A| 

Detcliplifff pt Pill 

Part Nc 

Part Ni. 

Pan Na. 

Pan Na. 

Pact Na. 

Oi>ff*iliHr Aiipic 

0 

n 7MI9 

B 2STI9 

X 14/101 

B 28119 

Q S(>lrmHi| It.n r A'.stMiilily # 

x-isim 

X-161136 

X-27I9I1 

X 211399 


riunpcr Tin 

H 2bH.9 

0 ?blf.9 

1 vm 

0 7MG9 

B-251G9 

riiinfrr rniidc 

f ff.;s 

i 

i 8c;s 

( 8G/S 

t 80/5 

Coil Cl.imp 

( II' tt 

r PG/G 

i 8 g;g 

( 87, 76 

C 8678 

Spring S»ri*Oit nUtc A^seml'ly 

X ?:i^9 

X ??1%9 

X 72I9/0 

X ?2I%9 

X 2219( 9 

Spring Support f’Ule As«cin|)ly (for use on tuners modit'fd ei»lh 
one or fno sets ol in'.t.ir^UnroiiS auiilidty contacts formerly 
rnodilic.tlions X and XX t 

« 778311 

X.??B311 

X 228310 

X 778311 

X 228311 

0 One Sfl of Inslatslancoiis Aimliaty Contacts 'formerly moditi 
cation X> 

149 NtA 

149-NtA 

I49N2A 

I4S-NU 

149-NU 

Tmo Sets of InstarstancoiiS Amiliaiy Contacts (formerly modifi 
calion XX 1 

I49N3 

149 N3 

149 N4 

149 N3 

I49N3 

One Sn of lady Break Aunliary Contacts iipccialr 

Z-17041 

I -17041 


Z-17041 

1-17041 

O Stand.ird Contac! Unit 

•40262 30tS4 

•40787-001 $4 

•40262-001-64 

•40262-001-64 

*40787 001-84 

MaintaiiiPil Contact Umi Hind Reset (loimcrly moditication M 

•40787 001 SS 

•40262-001 -5S 


- 

- 

Timing Mechanism w,o Contact Umt (standard temperature 
raiigei 

•40262 012-56 

•40262 012-56 

•40787-0I7-S8 

•40262-012-66 

•40787-017-M 

Timmi Mrrtisnio.m w flis* Indirilnr m o rontaft Unit rstandlfd 
lempriitiirf i.mpe. (uriufiiv mudihe diun O' 

•40262 012 64 

•40262-012 64 

•40262 -012-54 

•40787 017-84 

•40262-012-64 

Timing Mechanism o Contact Unit (mde temperatuie range, 
formerly inodilKatiOn Y t 

•40262 012-52 

•40:62-012-52 

- 

- 

- 


Timing Merhimsm er Onl Indicator o Contact Unit (r^ide 
lemppraliitc range, fo.meily modilitalion DTt 

•40262-012-65 


- 

Comptfie Timing Unit (»ith standard rontarl unit and standard 

1496-N1 

1496 NI 

1496-N1 

temprriture range) 

Cornplfle Timing Unit (with maml.unr'd rontjct unit, formerly 
modilic.ftion M, and mith st.ind.ird leiiiperaiiiie rangei 

1496-N2 

14H N2 




Complete liming Uriii (with slmdaid cpnl.irt umt. dul indicator, 
loimrib moililication 0. anri with slmd.Sfd tfni(re»Aliirr rangri 

*40787-001 St 

Cornpli'te liming Unit (with mamtlined contact unit and dijl 
indicator, formerly modihcalion DM. and «ith standard tern 
petJtuir nnje) 

•40262-O0I-62 

Cnnipirif limmf Umt (with '.tandiid contact unit and wide tern 
pfiatiirr latigr, tomieily niodifmlion Y) 

1496-N3 

Compirta liming Unit (wdh ni.mitjined (cjnlact unit and wide 
tampeiAtuif range, toimerly modilicalion MYr 

1496 N4 

Cl*-' piffn Un.| •( 1 nt.int fpiif.nl nmi diil mdrcalpr 

|Md lrM.|irMliiin I iM|*r Iihmii-iIv nioiMii .itmii DYi 

•40.H2 001-64 

IJ (nmpliif liinnif lltiil (Aith »liiutnil fonliif nml^ l|)eclal fni 
|iinm| III l«olh rliinliuns, lormeily modiliratior^ Z and with stand 

ard If'i'pei.Hiiir i.siigri 

*40,87 007-84 



O ln<ludri opr»roling ongln with urcwt and wothrrt, coil clamp ond plunger g jid* 
Q Timing mecKonitm w/o contocl unil not ovoiloble for IKii Apoclal limir.g urvl. 

»r cK«n«»4 |inc« Imw«. 


NOTI — Porn indicolod «mIH O ore recommended ipoie part%. 


ORIERING INFORMATION — Your Ofdnr ca»’»iot br* enfrreH unle^c ttie foHo>«itng informotion ii given 

Port number, dctcnption of p<i»l, catalog number and \rne» letter of Ibe tuner, Thi% instruction sheet 
oppties also to *Kese timers when used cn control oppurutus IrJed under other Bulletin nunbers 
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h-rii 


lollow:— Air Inlol Filler 


Itllivt Atftmblf 

X 3112^6 (^ljnd.iKl Tfmpri.ituf^ R.inff) 
X-39JSXI (Widi Temper jiuri Range) 


\m 

V y fiUi? Atitmbly 

JNw I r / (SffNoIr Dflo»») 


IMNUUNr “ The filler Qii#mbly it reploceoblc oftly on 
liming uniti Idpntlcol to the illuitrotrd un«i. 


Coll Sflictlon 

OiKrlfUaii 

far mar 

Salad Calf 

•t 

Styla 

fram 

Tlmlrsf Rilay 

lattar 

Tabla Na 


On Orijy 


0^ Dfiiy 


0r> Delay mlh 

Two Timing Units 


OR OfiJy ni|h 
Two limmg Units 


On md Off Delay 
DouMr Unit 



OaOPERATING COILS 


Table 1 




Table Z 


Ciil Cuarnt 




Vilt-Amperet 



D Voluet fhown ore for molded COilt only. 

D Coiti ore foted 25% in»»*rr^»llrnt duly, botrd O onn minuir* opnrolion out of every four mmufev 
NOTi — Porii indicated «rifh O ore recommended tpore pO'lt. 


CONVERTING TIMING OPERATION — Pirtf, remove the 

solenoid mechonisrn frorn the mounting plote, Rotole the 
fol^rtoid mechonitm T 80**, ond put it back on the mount* 
irtg plate, being careful to ute the proper tcrew holet 
There are ^our rrountmq holet for the solenoid mcchonitm. 
The upper-left ond lo'^er-right holes ore used for on- 
delay; the upper-right ond lower-left holes o»e used 
off*deiO|‘ The on-deloy mounting holes o»e so la- 
beled on the mounting plote. 

Notice thot tehen the relay is changed from on-deloy 


to off'deloy, the normolly open ond normoHy dosed 
tirre-deloy contacts mounted on the fimmo mechanism ore 
chorged. With the relay set up tor on-deloy, the normal 
position of the push rod is down, making terminals 1 ond 
2 the normolly open contoc! terminals and terminals 3 ord 
X the normally closed contoct terminals. When set up for 
off-deloy, the normal position of the push rod is up, 
memng | ond 2 norrnolly closed, and 3 end 4 rsormolty 
open These numbers ore molded on the foct cf th« con- 
tact unit. 


ORIGIN AI. PACK IS 
UK P(JOR QUALITY 


ALLEN-HHADLEY 

Milwaukee. V/iscorsin 53204 
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iT-ll 


Oollow:--Air liilul Filfor 


Oollowi Aitembiy 

X 3lli’!)6 (Sl.iml.inl f ctii(n*talufc R.inpc) 
X -393388 (Wide Irinpcialure RanRC) 


' Filter Aisembly 
(See Note Oclow) 
X 221325 


IMPORTANT — Tho filler ut^embly it replaceable oftly on 
liming unilt Identical to Ihe illuitroled unil. 



Coll Soioctlon 

Ofscrlptloi) 

F onner 

Select Cell 

ol 

Style 

from 

Timing Relay 

Letter 

Table Ne. 


Om Delay 


0(1 Delay 


On Delay lyilh 
Two Iimiiif; Unil5 


Off Oet.iy will) 
Two liiDirif; UnilS 


On and Off Delay 
Powhle Ill’ll 



OO OPERATING tc 



Table Z 


?|A11 


□ ?IA?.V 


Coil Current 

Imir.h 

^0 iird 

1 30 

?;o 

1 35 

3(»5 

1 .10 

205 

m 

3C.0 

/Till 


65.1 

1J5 

R/O 

155 

/05 

150 

305 


325 

0».5 

” *335 

025 

350 

D/5 

105 ' 

P90 

?55 

(155 

”265 

000 

290 

000 

155~ 

0/0 




D Value* shown ore for molded coilt only. 

B Coils are roled 25% inlermillent duly, bated on ont- minuir operation out of every four 
NOTE — Ports indicated with O ore recommended spare parts. 


CONVERTING TIMING OPERATION - First, remove Ihe 

solenoid mechanism from the mounting plate. Rotate the 
solenoid mechanism 1 80'’, and put it back on the mount- 
ing plate, being careful to use the proper screw hclr*s. 
There are four mounting holes for the solenoid mechonitm. 
The upper-left ond lower-right holes nre used for on- 
dcloy; the upper-right ond lower-lefl hoh'S o»e used 
for off-del(iy. The on-dr'hiy mounting holes cire so la- 
beled on the mounting plate. 

Notice that when the relay is changed from on-delay 


to off-delay, Ihe normolly open and normally closed 
lime-delay conlocis mounted on the timing mechanism ore 
changed. With the relay set up for on-delay, the normal 
position of the push rod is down, making terminals 1 and 
2 the normally open contact terminols oi>d If'rminols 1 and 
A ttie normally closed contact terminals. When set up *or 
off-delrjy, Ihe normal posiliots of the push rod is up, 
nicking I and 2 normally closed, and 3 and A normally 
open. These numbers are molded on the face of the con- 
tact unit. 


ALLEN-I3HADLEY 

Milwaukee, Wisconsin 53204 


U-2S 



































































AUTOMATIC! 

^START#&J| 

CONTROLS! 


.LIGHT lj.POWfR 


1 X 5 ) 


SiiltM tion is to pfovulu u'liiibilily luul iMtuiiiiy of 

I with lliti 4 I|*|)Ih. •ilioit 1 iiiki drUiy rcl.iy ly ul Hui Ititjrmiil 

type to ijivi* consiSttMM mmvkxv AH nH)duls fujluiu I'ncluseil contJctS for 
loM^’f lifh ind grua'^rf reliability ^ •< 


'.iModo of operation is selected by a three or four position switch as 
specified In 'MANUAL” position the control is energi/ed imfTictlidtely; In 
"AUTOMATIC”, operation cc imences only when a reniote set of rontart.* 
' Close, such as Ifiose of an automatir transfer switch rirnter posi»‘on is 
"OFF” The four position rotary switch gives an .Klditionai TEST” 
position in which the automatic control is out of the circuit and the engine 
may be started manually. 


Current cluruuj cranking tieriod flows thru relay 3. normally closed contact*, 
to energi/e relay 1 Relay 1 breaks magnt.-to ground, if ust*d. energizes 
ignition cc.il or ihrottle solenoid of diesei units and allows current to start 
solenoid and tmn* relay 4 thru relay 2 , 


If engine starts, relay 2 is energi/cif from terminal 10 by voltage from 
tiatlery ch.iiging gr'neratnr or frum battery thru (N.O ) speed switch and 
start solenoid is deenergized. 


3 POSITION SWITCH 


4 POSITION ROTARY SWITCH 


FAILURE INDICATING LIGHT 






AUTO 

TP ANsrcP 
SWITCH 

rusE 


KATOLIOHT aittl'OH/tTKIIV 










PEnn conTRQLs m 

DIVISION OP JOHNSON SeRVtQ';. COMPANY 


series M80J 

PROPORTIONAL MOTOR ACTUATORS 


M80 ' 

4134 

NEW 


With Solid State Drive and Travel Limits 
Potentiometer and 0 to —2 V. D.C. Controller Input 


APPLICATION 

These proportional motor actuators position air dampers, 
control valves, burner fuel valves and similar equipment 
in ventilating, heating, air conditioning and industrial 
applications. 

Actuators with auxiliary switches may be used in most 
industrial safety circuits. 

Series M80J motor actuators operate on signals from 
potentiometer controllers, *MIZER^^, Cybcrtronic^, oth- 
er V. D.C. controllers or ma D.C. controllers when used 
with a Penn Series R82 interface module. See Controller 
Selection Diagram, Figure 5. 

FEATURES 

— Solid state motor drive — state-of-the-art integrated 
circuit within motor actuator case. No balance relay 
or mechanical travel limit switches. No contacts to 
bounce, arc or weld. 

— Travel adjustment — sert. ^’i ver adjustment located 
in top wiring compartn.-'-r.i (optional field adjustable 
models). Makes for easy final adjustment of valve 
seating or damper linkage travel. 




Fig. 1 — Back vl«w oF motor octuotor. Spring rtturn dompor (Itft) and 
non*ipring rtturn (right). 

ed. No separate master and 'or slave model required. 
Field firing between motors is reduced. No lag 
between master and slave position. 

— All motor actuators have weather-resistant enclosure 
as standard. 

— Models available with internal, adjustable differen- 
tial auxiliary switches. 


— Improved control of dampers and valves — long life, 
direct drive feedback potentiometer mounted concen- 
tric with the output shaft. Increased number of bal- 
ance positions ana lower hysteresis for improved reso- 
lution. 

— Accepts inputs from /35 ohfn to 1000 ohm potentio- 
meter controllers or V, D,C. inputs from Penn elec- 
ironic controllers with no readjustment required. 

— All Series M80j actuators accept in-head controller 
modules. See Bulletin for Series A82 1000 ohm tem- 
perature controller. Scries R82 D.C. to D.C. interface 
and Series R93 electronic temperature controller. 

— Up to three Scries M80j motor artaators may be 
operated in parallel from one potentiometer control- 
ler. No retransmitting **slave’* potentiometers requir- 



GENERAL DESCRIPTION 

These actuators have solid state drive and limits that 
prevent erratic control performance often caused by ex- 
cessive vibrations. A standard poccntiomeicr type pres- 
sure, temperature or humidity controller may be used to 
operate the actuator. The actuator will accurately position 
its output shaft in direct proportion to the control signal. 


file capacitor-run motor rotates an output shaft through 
a reduction of precision gears. There are three basic 
Series M80j motor actuators; standard proportional, 
proportional spring return damper and proportional 
spring return valve. 



•lEAOS built-in 
auxiliary switch »l 

**LCA0S FOR built-. N 
auxiliary switcm»2 


X- indicates splice 
'.'OTE: single switch 

MODELS HAVE SWITCH 
#1 WIRE leads only. 


Pig 3 — Vi«w of .vifing comportmont iKowing torminoli ond both 
Irovol and '•mtor braka adiuiimant 


Fig. 2 — lood and viaw of non ipring rtturn mefor octuotor (laft) 
and iprmg raturn do npar motor octuotor flight). 
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,, PENN SERIES M 80 J PROPORTIONAL MOTOR ACTUATORS 


lUR CAM loot 

OiPPlICNTUl CAM 
SCIIW 
(TIGMTIN SfCUIIO 
APTIR AOJUSTINC) 

ZIRO POSITION 
MARK 


CAurrONi 
DO NOr lOOSIN 
THIS! SCRCWS. 



lOCK SCREWS 1“ 
(lOOSEN POR CUT IN 
adjustment -THIN 
TIGHTEN SICURim 


10 ANGULAR 
DEGREE MARKS 
On front Cam 


F 19 . 4 — Interior view of motor actuator with auxiliary iwiTch. 


Series M8OJ motor actuators are available with fixed 
or field adjustable travel for proportional control of 
dampers and valves. (90 to 240'’ non-spring return^ 90 
to 180® spring return.) See Figure 3. 

The spring return damper model has a heavy gauge built- 
in spring mechanism to return the motor shaft to its full 
CCW limit on power failure or intermpiion. An electri- 
cal resistor brake circuit prevents the return spring from 
driving the motor actuator towards its normal position 
unless the power is interrupted. The external spring 
housing and optional internal auxiliary switch are in- 
stalled on opposite sides of the motor aauator. At no 
time is it necessary to disconnea the damper or remove 


the spring housing for access to the auxiliary switch. 

An adjustable crank arm on the output shaft for easy 
connection is standard on the spring return damper 
motor. It is slotted to allow an adjustable radius from 
1-11/ 16" to The aank arm may be secured to the 
motor actuator shaft in position increments of 221/2 
angular degrees. 

The propoitional spring return valve model has a heavy 
gauge built-in spring mechanism to return the valve to its 
normal position on power failure or interruption. It has 
(he same resistor brake circuit as the spring return damp- 
er motor actuator. Adjustment of this resistor brake is 
readily accessible within the wiring companment as 
shown in Figure 3. 

The spring return valve motor actuator is available for 
normally open (N.O.) and normally closed (N.C.) valve 
operation. Each type has field adjustable travel from 
to 1.3" valve stem movement. 

The motor actuator can be mounted in any position ex- 
cept upside down. However, mounting with the output 
shaft horizontal is recommended, and upright mounting 
is preferred. Spring return actuators must be mounted 
within 30® of upnght. 

The motor should travel through its full stroke (deter- 
mined by its limit switches) while performing its func- 
tion, even through the motor's full range may not be em- 
ployed. Motor may be damaged if it is not free to com- 
plete its full stroke. The motor should be stopped at the 
end of its stroke by the limit switch, not stalled by the 
damper or valve. 
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KtNN SERIES M 80 J PROPURTIONAL MOTOR ACTUATORS: 


Control Signal Input: 3 lead potentiometer; 135 ohms up 
to 1000 ohms, */2 watt minimum or 0 to — 2 V. D.C. 
ramp as provided by compatible electronic controllers. 

Input Impodanco: 10 kiioohms (across terminals 8 and 

10 ). 

Power Requirement: 20 VA., 24 Volts A.C., 50/60 Hz. 
Spring return damper models with internal heater require 
50 VA. 

Shaft Specifications: Double ended, square. 

AMBIENT TEMPERATURE 


AAinimum 


piv. Plate mounted transformers mount on a 4" electrical 
l)o\. rran>formcrs No. Y65AS-1 and Y65BS-1 have a 
1/ > ' conduit fitting on the primary and secondary to per* 
mit direct mounting into the conduit opening in the 
motor wiring compartment. See Penn Series Y63, Y64 
and Y65 Bulletin No. 3742 for add* mal information. 


Troniformtr 

Capacity 


Typa 

Amounting 


Primary 
Powtr Supply 

(V. A.C) 



Tror^itormar 
Part No. 

Y43AJ-1 

Y63iJ«l 

Y43AS-1 

Y4SiS-1 




-40 

4-125 

4-52 

-12 

J-125 

4-52 


M80JCA. MIOJCI. 
MIOJDA. M80JEA 


* Includti inttrnol Ktoltr. 


OPTIONAL CONSTRUCTIONS 

Travel Limit Settings: Standard factory setting is 90 
angular degrees. Adjustable (00 to 240® non-spring re- 
turn, 90 to 180® spring return) travel is standard op- 
tion. 

MISCELLANEOUS SPECIFICATIONS 

Enclosure: Die cast natural aluminum provides a light 
and rugged case. 

Built-In Auxiliary Switch: SPDT. adjustable range from 
0 to 160®, adjustable differential from 5 to 90®. 

Built-In Auxiliary Switch Electrical Rating At 125® F. 



208/240 


120 


208/240 


120 

208/240 

120 

206/240 


YUSJI-1 


Y43ALe-2 


Y43SLA-1 


Y44Ai-l 

Y44Si-l 

Y44AU2 

Y44SI-1 


VolU A.C. 
Full load Ampi. 


Locked Rotor Ampi. 


NoP'Inductiv* Ampi. 


I A.C. 120 V. 240 V. 

Ampi. SB 2.9 


34.8 


:tiv« Ampi. 10.0 8.3 


Pilot Duty - 123 VA ot 24 to 300 V A.C 
Mosimum Connected load 2000 VA. 


Position Indicator: Kit No. PTRllA- * • ^ 

600 is available, if required. It con- . •; 

tains an indicator pointer and two j • , 

pressure sensitive mylar decals. For ■ 7 , , 

field installation onlv. 


Valves: Penn Division provides a complete line of rwo- 
w.i) single scat and double seat, thrcc-w.iy diverting and 
mixing valves to meet your control application. 

Refer to the following bulletins to select the valve and 
linkage required: 



Volvo Numbor 


0«icription 


2-woy. iingl* loot glob# 
2 way, doubU ••of 


3 way, diverting 




SulUtIn 

Number 








































: PbNN SERIES M80J PROPORTIONAL MOTOR ACTUATORS 


Damptr Linkagt Compon«nts: A vjriecv of crank arms, 
ball |oint connectors, push rods and a right angle mount- 
ing bracket provide easy connection of the motor actuator 
to a damper. Two complete sets are offered to simplify 
selection of proper components. 


Applicotion or Conitruction 

For mounting oF octuotor to top of 
duct or ony flat turfoco Contomt 
LVR27A.402, IVR27A 600. SWUOA- 

601 (2 •o ), ond ROD16-3. 

For mounting of octuotor to tidv of 
duct or wall. Contomt IVR27A-602, 
IVR27A.600, SWLIOA 601 (2 •o ), 

ROD16 3. onH B..T22A 602. 

For utt on ’ 2 or diomttor 

dompor ihofti. AdjuitobU rodiut 
from ^ 4 ** to 4^2**. 

For uit on motor octuotor. Adjuit* 

obU rodiut from 1 tp 2^V* 

Dompor ongit bracket to connect 

linkage to d omoer blode 

With '4"-2B diometer itud— ute with 
IVR27A602. LVR27A 600. and 
6KT19A-600 crank ormt. 

diameter s 48" long ploted tteel 
ihof* 

Si" diometer x 24" long ploted iteel | 
thoft ' 

Right angle mounting brocket 


RIGHT ANGLE BRACKET 
BKT22A602 


CRANK ARM ASSEMBLY 
IVR27A^02 


Deicription 

Port 

Number 


Y20DAA2 

Dompor 


Linkoge 

UH 

YIOOABI 


LVR27A400 

Crofxk 


Armi 

IVR27A602 


BKT19A-600 

Boll Joint 
Connector 

SWllOA-601 

Puih 

ROD16.2 

Rod! 

R00163 

Mounting 

Bracket 

6Xn2A602 


BAii ir\iiur 


DAMPER BRACKET 
BKTIfA 600 


BALL. JOINT 
CONNECTOR 
SWLIOA 601 


CRANK ARM 
LVR27A.600 


Externally Mounted Auxiliary Switch Kits: Use Penn 
Series S9l switch kit. These kits are available with one, 
two or four SPOT snap acting switches. They can be 
mounted on either shaft end of the motor actuator and 
incorporate the time proven, reliable, Pennswiich con- 
struction. 

Contacts are rated at 9.S amps at 120 V. A.C. and 8.0 
amps at 2-»0 V. A.C. at 125 F (52'^ C) ambient. 

For complete information, refer to Penn Series S91 
Bulletin No. 5650. 


SHIPPING WEIGHTS (Approx.) 

Individual 

Typo Numbor — 

Ibt. 

MBOJAA, M80JAB. 

M8 0JAC 

M80JCA, M80JCB. 

M80JPA, M80JDA, 15 

M80JEA 

ORDERING INFORMATION 

To order specify: 

1. Complete P.-oduct Number, if available. 


Individual Pack 

Ibt. 

^9 

11 

5 

15 

68 

1 


PRODUCT NUMBER SELECTION 


Product 

Timing (1) 

Number 

Sect./ 160* 

MBOJAA-l 

60 

MBOJAA 2 

60 

M80JAB.1 

60 

>M80JAC.1 

! 60 

MS0JCA.2 

60 

M80JCB 1 

60 

'MIOJDAl 

60 

'MIOJEA.f 

60 

>M80JFA-1 

60 


Trovel 

Fixed 

Adiuitable 

Factory 

Setting 

X 


90* 1 


X 

90' I 


X 

90 I 


i 1 

90 " 


X 

90 


X 

90 


X 

Mt 1 


X 

S" l.fi 


X 

90 


Auxiliary 

Internal 

Switchet 

Heater 

None 

No 

None 1 

No 

1 

No 

2 1 

No 

Non# 1 

1 No 

1 1 

No 

None 

No 

None 

No 

Non# 

Y#i 


Applicotion 

Volvo or dompor 
Volv* or domoer 
Volve or damper 
Valve or damper 
Spring return domoer CCW 
Spring rttum domoer CCW 
Valve Item normolly down 
Spring r«turn volve 
Volve Item normolly uo i 

Soring return volve 

Soring »«lurn domper CCW 


(1) See Specificotion Table for additional iimmg mformution 
* Wholetoler model ovoiloble from itock 


Type 

Number 


Timing m Seconds 
(Nominal) 
Angular Irovei 
160* (2 0 rod) 


SPECIFICATIONS 

1 

Torque(l) Domper 

Ib.-inchei Rofing - Sq. ff. 

I Newton M«t«ri in ( ) Sq Meteri in ( ) 


Rotational Travel 

Field Adiuitoble 


' 

M80JAC 

60 MO 17T ' 70 6 S' 

y i 

M 80 J 0 A, MBOJIA dO lec tor I ’ vulve Mt|/5 •!) v.iiv# i»«n* Muoi» I 

(1) * ,10 rnllngi ore tor l•Hl() « «<i ‘il iluill Imnl ••hI) g-53 

( 2 ) Incli *ei Overtrovel for sealing ijf 2 woy viilvvi f<>i 3 ^ snivel 

AuMillory output ibufi li Imnied to «i mfiBiiiium iie>iit .<vv<gnt 7 S lt<« 


17 5 n 61 

Ts <3) 

'70 6 S' 


90 or 160 
1 1 6 or 2 6 rod) 


90* to 240 
(1 6 to 4 2 rod) 

90* to 180 
( 1 6 to 3 2 rod) 
to 1 3 2) 
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V90 


3624-P 

. i' l 

, J. .1. * ! .1 

3124-E 


type V90AA 

TWO-WAY. SINGLE-SEAT GLOBE VALVES 


APPLICATION 

These nvo-way valves are for rwo position (on/off) 
or proportional control of steam, water or air in air con- 
ditioning systems or commercial industrial applications. 

GENERAL DESCRIPTION 

Motor Aetuators and Linkage 

These valves are positioned by Penn Series M40, M80, 
M81 or M82 electric and electronic motor actuators. 
Clockwise motor rotation drives valve stem down to 
close off flow. 

The actuators are adapted to the valve bodies by a 
linkage which not only fastens the valve body and 
actuator together, but also transforms the angular move- 
ment of the actuator output shaft to the straight-line 
motion required to position the inner valve plug of 
the valve body. A pinion gear on the actuator output 
shaft drives a gear ra^k that is connected to the valve 
stem. This construction maintains the designed flow 
characteristics of the valve body. 

SPECIFICATIONS 

These two-way, single seat valves provide tight 

shutoff. 

Sizes through 2" have 150 lb. bronze bodies with 
bronze trim and 316 stainless steel stem. The inner valve 
(plug) provides equal percentage flow characteristics. 
The EPT valve packing limits the temperature of the 
media (hot/cold water, steam, air) to 281® F. 

Valves through have one union type connector 
and one screwed end connector. 

Valves V/z'' through 2*' have screwed end connectors. 
Sizes lyi* through 4" have 150 lb. ASA flanged iron 
bodies with bronze trim and 3l6 stainless steel stem. A 
post guided plug provides equal percentage flow charac- 
teristics. Neoprene packing permits media temper-irures 
to 281® F. 



Fig. 1 — Motor Actuattd Volvo 

ORDERING INFORMATION 

To order, specify: 

1. Valve Body Product Number. 

2. Valve Linkage Product Number. 

3. Motor Actuator Product Number. 

4. Factory assemble, if required. 

5. Service. 

Exempic: One V90AA-12 Valve Body, one Y20 AAA-2 
V^alvc Linkage and one M80FAA-2 Motor Actuator 
with 60 sec. timing completely factory assembled; for 
5 psi steam service. 

VALVE SIZING 

For steam applications, see Bulletin 3335. For liquid 
applications, see Bulletin 3334. 




Cut away vt«w oF Two Woy 
Valv# in iix«t r'j" to 2" 
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Voivo »n iiivf 2’^ ' to 4 Volvo 
iFiqwa vwiIH |t#m up fopon). 
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SPECIFICATION TABLE 


Product 

Nifinbof 

Volvo 

Slio 

(Inchfi) 

Cv 

linkogo Rtquirod (Ordor l•parot•l/ 
fo motch volvo ond motor loUctod) 

Moa. Cloit-Off Prtii. (pil) 

Moaimum 

Prtiiurt 

Drop* 

(pil) 

Volvo 

lift 

(Inchfi) 

Shipping 
Wl. . Ibl. 
(Volvo 
only) 

Sloodord 

Sorlti 

MIO. MI1.MI2 

Spring Rofurn 

Soriof 

MIO. MI1.MI2 

All Sorlti 

M40 

Strrndord 

MBO, MSI. mi: 

M40 ond 
Spring Rtturn 
M80. MI1.M82 

Sttom 

Wottr 


Wottr 

VfOAA-10 


mss 

Y20AAA-2 

Y20AIA.2 

Y20CAA.1 

40 

150 

35 

UO 

35 


3.3 

VfOAA-n 

H 

mn 

Y20AAA-2 

Y20AIA2 

Y20EAA.1 

40 

150 

35 

150 

30 

Vs 

4.0 

V«OAA>l] 

1 

m 

Y20AAA-2 

Y20ABA-2 

Y20EAA.1 

40 

150 



25 

H 

4.0 

VfOAA-13 

1»4 

12.0 

Y20AAA-2 

Y20ABA-2 

Y20EAA.1 

40 

150 

35 

40 

25 

li ! 

4.S 

**VMAA>U 

IV^ 

20.0 

Y30AAA-2 

Non# 

Mono 

40 


28 

28 

20 

1 

6.5 

•*VMAA-1S 

2 

350 

Y20AAA2 

Non# 

Non# 

40 

65 

16 

16 

- ” 1 

-« i 

13 

VfOAA.7 

2*^ 

51 0 

Y20AAS-1 

Y20ABB-2 

Non# 

40 

40 

10 

10 

18 I 

H 

301 

*«V«4AA4 

3 

MTfl 

Y20AAB1 

Non* 

Non# 

28 

28 

Nont 

Nont 

17 i 


45.0 

••VfOAAf 

4 


Y20AABI 

Mono 

Nor>t 

14 

14 

Nont 

Nont 

14 

Ilk 

80.0 


^ Prtilur* drop! for volvo liting in •xcoil of thoit llittd in fho Sptcifitotion TobI* con couio o rtduction in tho normol lifo tipoctoncy of tho 
volvo. 

Connot b« uitd with spring rtturn motori. 


INSTALLATION 

Uprigh: iTiOuiaing is recommended but valve assemblies 
can be mounted in other positions provided the output 
shaft is horizontal. 

Ambient temperature plus heat transferred from the 
valve through the linkage must not cause the motor 
temperature to exceed its limit of 135'^ F. 

Motor-actuated valves are available cither completely 
faaory assembled and tested or as individual com- 


CHECKOUT PROCEDURE 

Make sure valve stem moves freely after valve is in- 
stalled. The valve joints and seals should be checked to 
be sure there are no leaks. 

After linkage and motor actuator are assembled to the 
valve, a complete operating cycle should be observed to 
be sure all components are funaioning properly. 

REPAIRS AND REPLACEMENT 

Replacement of valve stem, valve plug and packing may 
be made in the field. >X'hen ordering replacement parts, 
give Valve Body Number and complete description of 


ponents; valve bodv^valve linkage, and motor actuator. the part required. 






2 rjNOuiT J 

^ -.4 npsm -«o ^ : ViDu-r 

•VjjiiOl . -N. - 

2 'SiHii— - ,..J| 

'^11/ < '■' I 

j 1 

zirzn,.. 

: ? 

I ; • I 


i 1’ ' ' 

il • il 


Volvo 

Silt 

A 

8 

c 

•V 

i\ ' (124) 

2*' (31) 

U'," 1371) 

’i" 

s'." (133) 

2*(," (36) 

)4'‘r4*(376» 

1" 

5\ ' (149) 

2’.,-(39) 

I4'’,."'379l 

lU- 

6”, 4*' (1701 

2%"(67) 

)3'4'* (38^' 


7>,"(107) ! 

J’."I731 

' (393) 

2" 

8>,"(2t3) 

3V(«I1 

)S*4'' (400) 


DIMENSIONS 


i *-0' tS 

■J - 4 NPSM ’mQ 

• »• 

2 ' 

I — *’ 




: -srr.-ot . 

4 — 

: - 


— - 


",cv ' •« 


’it 1 

1 1 


>H I I 





^ X I0O1.T Ci40.t »<4 I 


— r 

Mix* *nKl9 • C>4l 


r~Vulvt 
> Silt 

^ i • 

c 

0 

E 

f 

L"r.. 

7\ 184* 1 3' r B9t 

17V. 440) 

7’*|178) 

s'," ( 160 ) 

4.Holtl 
> 4 “ '19) Oio. 

l’'- 

1 0', 2)9) 1 1’4 ' .95) 

1 1 

[l7'V,"«36) 

7!J" (191) 

6" (132) 

4.Holtt 
>i"(19) Oio. 


10', 767- [ • (117) 

jiB'’,. (481) 

9" (229) 

7', **(191) 

4.Holti 
\ (19) O.o. 


Performancf specif icaiioni jppejriut^ l^ercin are nnrninji jhJ jrr stcintit :o jurpuJ manufjcturinci toierjnees and application variables* 

Utho In U.S.A. PENN DIVISION, Goshtn, IN. 
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VA-3200 


JOHNSON SERVICE COMPANY 

MILWAUKEE, WISCONSIN AND FRINCIFAL CITIES 


Johnson VA-3200 Electro-Hydraulic 

Valve Actuator 


The Johnson VA-3200 Eleciro-llydraulic 
Valve Actuator provides control of fluid 
flows in heating, ventilating and air condi- 
tioning systems. Normally the actuator is 
used in association with a Cybertronic elec- 
tronic controller and an appropriate Johnson 
valve body to regulate the flow of fluid, such 
as steam and water. 

The VA-3200 is available for proportional 
action. For two-position action a PZ-4000 
two-position power supply is required. The 
unit is a sealed electro-hydraulic system 
acting against a spring-loaded piston and 
shaft. Fail-safe operation is provided by 
the spring, which retracts the actuator shaft 
in the event of power failure. 

A position feedback potentiometer connected 
to the actuator shaft may be ordered for ap- 
plications requiring indication of relative 
shaft position. The potentiometer is used 
with the position meter on a GQ-4100 in- 
dication system. 

Also available are two auxiliary switches 
independently wired for N.O. or N.C. oper- 
ation. The “on*' and **off* operating points 



Actuator with 
Feedback and 
Auxiliary Switches 


of each switch may be set at any percentage 
of actuator shaft travel. These switches re- 
turn to the normal position when the actuator 
shaft is retracted. 


Actuators without feedback and auxiliary 
switches are supplied with 8" pigtail leads 
and a standard handi-box for electrical con- 
nections. Those actuators with feedback 
and' or auxiliary switches have 42'* pigtail 
leads and a large wiring box; one pre-drilled 
hole is provided for the pigtail leads. 


Specifications 


MODEL 

V A -3200 KLFCTnO-llYnR ai lk; valve actuator 

CONTROL MODE 

PROPORTION \L 

SUPPLY VOLTACF. 

120 OR 24 VOLTS A C.. f.O llz (7i VA) 

CONTROL SIGNAL 
VOLTAGE 

0 TO 16 VOLTS D C. ACROSS SERVO VALVE 
(APPROXIMATE RKSISTANI E 1000 OHMS) 

NOMINAL OPERATINC RANC.E R 10 12 VOLTS D C. 

power 

CAN OPPOSE 100 I lls E\1 ENDED \ND RETRACTED 

SmOKK 

•i. OH IS INCHES 

OPERATING TIME 

APPROX. 20 SECONDS EOR INCH STROKE 
APPROX. 60 SECONDS FOR 1’, INCH STROKE 

.\Mim:NT TKMPKnATUUK 1 
LIMITS 

1 

-2S TO 135F (-10C TO 'vAr) 

ACCESSORIES 

POSITION FEEDBACK POTENTIOMETER (APPROXIMATELY 
110 OHMS CH ANCE FOR 1', INCH STROKE) 

TRO AUXILIARY SRITCHES (SPOT) R ATED AT 'i HORSEPOWER 
(S.RA AT 120 VOLTS \.C.. OR 2.9A AT 240 VOLTS A.C.); 

av ail able for ehher n o or n c operation. 

TWO-POSITION POWER s|ippLY; PZ-4000-1 FOR 24V A C. 
AND P7.- 1000-2 FOR i;nV A C 
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NOTE: ^OWCfl WIRES FOR 120 V UNIT ARE BLACK AND 

BLACK /REOt WIRES FOR 24 V UNIT ARE YELLOW 
AND WHITE. 


Operation 

In a typical applica:ion, a proportional action 
actuator is connected to a power source and 
to an electronic temperature controller. If 
the controller senses a change in temperature 
from the setpoint, it transmits a proportional 
control signal to the servo valve in the actu- 
ator. The servovalve modulates the hydraulic 


pressure in proportion to the signal; this 
causes the hydraulic fluid to move the pis- 
ton and actuator shaft, to position the valve 
in response to the control signal. 

For two-position action, the servo valve of 
the actuator is connected to the output of a 
PZ4000 two-position power supply which 
is controlled by a two-position thermostat. 
The controller opens and closes the circuit 
to the actuator servo valve causing the two- 
position action of the actuator. 


Mounting 

The valve body should be installed in the 
line before the actuator is mounted, leaving 
a minimum clearance of the length of the 
actuator plus three inches. The actuator must 
always be mounted above the valve on hori- 
zontal steam or water lines to avoid damag- 
ing the unit in case of valve leakage. 

Wiring connections are made to color coded 
pigtail leads. All wiring must conform with 
applicable electrical code requirements. 
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VA-3200-A 


JOHNSON SERVICE COMPANY 

MILWAUKEE. WISCONSIN AND FRINCIFAL CITIES 


Johnson VA-3200 Electro-Hydraulic 
Valve Actuator 


The Johnson VA-3200 Electro-Hydraulic 
Valve Actuator provides control of valves 
in heating, ventilating, and air conditioning 
systems. The actuator may be used with any 
controller or auxiliary device that produces 
a 0 to 16 volt D.C. output. 

insullatio.-' 

The valve shoJd be installed in the line be- 
fore the actuator is mounted. A minimum 
clearance is required, equal to the length of 
the actuator plus an additional 3 inches, to 
permit the actuator to clear the valve stem 
during installation or removal. The actus tor 
must always be mounted above the valve o>. 
horizontal steam or water lines to avoid dam- 
aging the unit in case of valve leakage. 

NOTE: If necessary, the yoke may be de- 

tached from the actuator body and mounted to 
the valve body before the actuator is installed. 

Mount the actuator as follows: 

1. Remove the gland nut from the valve 
centerpiece. CAUTION: Normally closed, 
three-way, and 2-1/2" to 4" normally 
open valves must not have internal pres- 
sure. 1/2" to 2" normally open valve 
bodies with internal pressure may leak 
until the plug and stem seal against an 
internal 0-ring. 

2. Screw the 3/8" locknut and coupler onto 
the actuator shaft. The coupler should 
cover at least two threads above the hole 
in the shaft. NOTE: Valve coupling hard- 
ware is supplied as a VZ-1000 series 
Valve Coupling Hardware Kit. 

3. Slip the actuator and yoke, the hold-down 
nut, and the gland nut over the valve 
stem and centerpiece. 

4. Screw the (1/4" or 5/16". depending on 
type of valve) locknut and coupler onto 
the valve stem. 

3. If A.C. power and control input signal 
are not available at actuator, using a 
9/16" wrench, tighten the 3/8" locknut 


- 7 . 9 / 8 " - 

h- 9-9/ie"DiA.-* 



against the coupler, using it as a jam 
nut. CAUTION: On actuators having aux- 
iliary switches and/or feedback, do not 
disturb the locknut which holds the feed- 
back arm to the actuator shaft. The feed- 
back arm must be free to slightly shift 
and move on the actuator shaft; other- 
wise, binding between the actuator and 
feedback or switch assembly may result. 

6. Screw the valve stem into the couplerun- 
til the plug assembly just contacts the 
centerpiece. Do not force, as damage to 
the plug assembly may result. 

7. While holding the valve stem with one 
hand to prevent it from rotating, use the 
9 16 " wrench on the 3/ 8" locknut to 
further adjust the actuator preload as 
noted in Table 1. Do not rotate actuator 
or valve stem. F^roceed to step 12. skip- 
ping steps 8 thru 10. 

8. As an alternate procedure, if A.C. power 
and a control input signal are available 
at the actuator (assuming all wiring ha.s 
been installed and checked out), adjust 
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ihe control input signal to position the 
actuator shaft to the desired preload 
position as noted in Table I. l^reload 
can be measured by placing a ruler 
parallel to the actuator shaft on the bot> 
tom of the actuator housing. 

9. Screw the valve stem into the coupler 
until the plug assembly just contacts 
the centerpiece. Do not forces, as thi.s 
can damage the plug assembly. 

10. Return the actuator shaft to the retract- 
ed position. 

11. Tighten the locknuts on the actuator 
shaft and valve stem against thecouplcr. 

12. Tighten the packing and hold-down nut 
on the centerpiece, being careful not to 
shift natural alignment between actuator 
and valve. 


TABLE I. ACTUATOR PRELOAD 


VALVE TYPE 

PRELOAD 

normally open 
VB-3752 

0-1 32 •• 

NORMALLY CLOSED 
VB-3970 

1 32" - 1/8" 

three-way 
VB-4M0 & VB-4322 

1 32” - 1 ''16“ 


Wiring 

All wiring must conform with applicable elec- 
trical code requirements. 


The actuator with feedback is equippeti with 
a 42 "cable of color coded leads for system 


wiring. If a position potentiometer or switch- 
es are part of the assembly, a separate cable 
is used for the switch and potentiometer 
wires. Actuators without feedback are sup- 
plied with 8" pigtail leads. 

Wiring connections should be made with wire 
nuts in the junction bor;. 

The two-position actuator requires a PZ-4000 
iwo-position power supply. A.C. power must 
be supplied to both the actuator and the 
si'paraie power supply. The output of the 
power supply is connected to the actuator 
servo valve as shown in the wiring diagram. 
Do not mount the PZ-4000 in the actuator 
junction box. The heat generated to the actu- 
ator will cause the PZ-4000 to fail. 

Lubrication 

The actuator shaft and linkage should be 
lubricated periodically with Dow-Corning 
DC-H. or equivalent. No additional main- 
tenance is required. 

Operational Checkout 

After the actuator has been installed in ac- 
cnnlanre with the previous instructions, an 
np#*raiional ' herkoui should be performed, 
using the following procedure. 

To check actuator operation, 120V A.C. or 
2\\ A.(^ (depending on the model) must 
be used. A variable* D.C. source of 0 to 16V 
at 20 ma is also needed for the proportional 
actuators. This may be either a power sup- 
ply or an appropriate Cybertronic controller. 
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notC: aowcr «mts ron itov unit anc hack and 
■LACK/RtOi wmcs ton tAV UNIT ANC TtLtOW 
ANO «HITt 


If 4 controller is used, the voltage should be 
monitored at test points described in the op- 
erational checkout bulletin covering the con- 
troller, and the set point control varied to 
obtain the voltages required for the following 
procedure. Be sure power wiring and applied 
voltages are correct before testing. 

Proportional Action: 

1. Apply A.C. power to the actuator pump 
(black and black/red leads on a 120 volt 
unit, yellow and white leads on a 2\ 
volt unit.) 

NOTE: On early 120 volt models, two black 
wires are >;he A.C. power leads. On early 24 
volt models, the A C. power leads are green 
and white. 

2. Connect the D C. power supply to the 
servo valve (red and blue leads). 

3. Observe the operation of the actuator. At 
0 volts the shaft should be fully retracted. 

4. App'iy 16 volts to the servo valve. 

5. Obnerve the operation of the actuator. 
The shnft should move to the ftilly- 
ejitended position, operating smoothly 
throughout the stroke. 


6. Clirrk the operation of the actuator with 
volts U.C. applied to the servo valve. 
The .irtii.iior .shaft .should rome to rest 
at a |NMut between 25r« and 737* of 
the stroke. 

Two-Posinon Acdon; 

1. Apply A.C. |)ower to the .actuator and to 
the PZ-4UIV) power supply (black and 
black red leads on a 120 volt unit, yel- 
low and white leads on a 24 volt unit). 
The actuator shaft should move smoothly 
out to the fully-extended position. 

NOTE: On early 120 volt models, A.C. 
power leads .ire two black wires. On early 
21 volt models, the A.C. power leads are 
green and white. 

2. Remove the A.C. power; the actuator 
shaft should return to the full-retracted 
position. 

If the actuator does not operate properly, 
check the system for possible wiring errors. 
If neccs.sary, check the servo valve resis- 
tance and the resistance to the pump moto** 
.ig.iinst tlie values listed in Table II. If 
the resistance differs from the listed values, 
or the .actuator still fails to function, re- 
place it and return the defective unit to the 
factory. Do not attempt to repair the actuator 
in the field. 

Adjustments 

The following procedures apply to models 
equipped with auxiliary switches and/or 
feedback potentiometers. 

PosKion Feedback Potentiometer 
Adjustments: 

If the potentiometer is used in a G0*4l00 
indicntir.n sy.stem. refer to the operational 
rhockout procedures niid adjustments for the 
indication system. 


TA 

BLEU. RESISTANCE VALUES 

FUNCTION 

resistance values 

PUMP MOTOR 

IJO VOLT UNIT. BLACK TO BLACK/REO. 1 1 0. ♦ I fl 

24 VOLT UNIT. YELLOW TO WHITE. APPROX 0 Sfl 

SERVO VALVE 

RED TO BLUE. APPROX IMATELY 12000 

POSITION FEEDBACK 
POTENTIOMETER 

BLUE TO WHITE GREEN. 1 350. * ISO 
(VIOLET LEAD IS CONNECTED TO WIPER ARM 
OF POTENTIOMETER) 


I 


I 


I 


I 

i 


I 
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Auxiiiary 5u;icch AJjusimcnts; 

The actuator mav snpf)li»Mi wuh tv.o .mx- 
iliary switches, tach switch can i'l|uu»»il 
independently to op#»n or clos»'ai .oiv d»vsir»-i 
shaft position. The differeniuil is .li.vn 

adjustable down to a minimum sir«'ke of 
1 A12 Thi.s is the differen.'#* m sh.ifi |h)si 
lion between the point whe»-e i he svMh h opE*r 
ales on a shaft ♦*\tension ami ».he fioini 
the .switch operates on a shaft retra'^tom. 

To .set up theoperalinc noinis one.irh switc h, 
the proper \ il volla^*' ar.d n vai table r(»n 
irol signal of 0 to 16 volts H mu>t he r«>n 
necied to the actuator. However, if [)ossii)ie. 
do not connect power to the swiirlu s tlevn- 
selves until switch adiustment is ( ompleiod. 

1. Loosen the .set .screw that tedds the uppiT 
cam to the .shaft and remove ilie < a.n. 

2. Apply A C. p<jwer to the artuator and 
adjust the control voliai^e mul the actu- 
ator shaft is at the po.s.t*on sfdertfci for 
operating; the lower switcii v\hen tiie shaft 
is extending. 

3. Loosen the set screw that holds the lower 
cam to the shaft. Rotate the i .im < lock- 


wi.se to actuate ihf» Hwiirh and linhien the 
set screw wiih the ram in thi.s position. 

^iOTK: The point of operation can be deter- 
mined |)v lisieninc? for an audible **click** or 
bv ccnneciing an ohmmeler across the switch 
leails. If an ohmmeter is used, there must be 
no external |>ower applied to the switch. 

1. Adjust the control voltage until the actu- 
ator shaft is at the position selected for 
o()eraiinc the lower switch when the shaft 
is retracting. 

S. Loosen the screws holding the differ- 
ential ram .segment. It may be necessary 
to move these screws to different holes 
in itie l)()lt circle to achieve proper ad- 
|u.st:;icnt. (Rotate the cam segment until 
the switch roller rests on the segment, 
l.ifl the switch roller off the cam to be 
sure the switch is in the proper oper- 
jiirt! position. 

0. Rotate ihi* earn s# lament counterclockwise 
until the roller dro()S and the switch op- 
erates. Fiijhlen the ram segment mount- 
ink: sC^ews. 

7. ('he< k ihi.s adjustment by operating the 
actuator through its full travel and cb- 
serviiu? the positions at which the switch 

operates. 

d. M»*plarr the upper cam on the shaft and 
perform adjustments described in steps 
2 through 7. 

NOTL: Switch [positions have been set at 
the fartorv and normally should not be 
chanced. Iiowever. if a switch has been 
shifieii an<i fail.s to operate properly, loosen 
the mounting screws and move the switch to- 
ward or jwav from the cam as required. 
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Johnson VA-3400 Electro-Hydraulic 
Valve Actuator 

Proportional or Two Position Action 


The Johnson VA-3400 Electro-Hydraulic 
Valve Actuator provides cither proportional 
or two-position control of large valves in cen- 
tral heating and air conditioning systems. 
The actuator is especially designed for use 
with a CYBERTRONIC® electronic controller 
and an appropriate Johnson valve body in 
systems controlling the flow of extremely large 
volumes of fluid. 

The VA-3400 is a completely self-contained 
unit consisting of an actuator shaft end a 
sealed electro-hydraulic system. The electro- 
hydraulic system is composed of an electri- 
cally driven pump, a servo valve, and a piston. 
These components are arranged so that the 
VA-3400 IS fail-safe in operation; the actuator 
shaft returns to the retracted position in the 
event of power failure. The actuator may be 
connected to the controller for either direct 
or reverse acting control. 

Operation 

In operation, the actuator is connected to a 
power source and to an appropriate CYBER- 
TRONIC controller, such as the TEC-4000 
temperature controller. 



On a change in temperature, a control signal 
proportional to the temperature change is 
transmitted to the servo valve in the actuator. 
The servo valve operates, causing the hydrau- 
lic fluid to move the piston and . actuator 
shaft. The actuator shaft positions the valve 
in response to the control signal. 


Specifications 


mouki. 

VA IMK) Kl Kcmo IlVDH VUI |i; VAI.VE: ArTUATOIl 

CONTHOl. mode: 

PROl’ORTIONAI. OK TWO-POSITION 

SUPPLY PO^'ER VOLTAGE 

OPTIONAL 115 VOLTS OR 2+ VOLTS A.C.. 
60 Cl’S ( 15 WATTS 1 

GONTROL SIGNAL 

0-16 vol.Ts DC, Acnn .‘;'5 servo valve 
( approximate resistance 1000 OHMS) 

STROKE 

INCHES 

POWER 

CAN OPPOSE 1000 pounds EXTENDED. 500 
POUNDS RETRACTED 

OIT.RATING II.ME 

SIX MINUTES FOR FULL STROKE 

AMBIENT TEMPERATURE 

i:5F MAXIMUM 


Printed in U.S A. 
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As the temperature changes, the magnitude 
of the control signal changes proportionally, 
r As the magnitude of the control signal 

changes, the actuator repositions the valve 
accordingly. 

Mounting 

The exact method for installing the actuator 
depends on the type of valve body used and 
the requirements of the individual system. 


0OWNCT PljMP 



The actuator should be mounted vertically. 
However, mounting in any other position i-^ 
possible if a hanger or brace is provided to 
support the actuator body. 

Wiring connections are made to 36” pigtail 
leads on the actuator. Applicable local and 
national electrical codes must be followed. 

Ordering Instructions 

When ordering, specify a complete model 
number from the Product Specification sheet 
for the VA-3400. 


r 
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NOTf. St" ViOTAlL LCAOS COLON-COOCO AS FOLLOWS 
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INSTRUCTIONS VA-4HUO-A 



JOHNSON SERVICE COMPANY 

MILWAUKEE, WISCONSIN AND FRINCIFAL CITIES 


Jolmson VA-3400 Electro-Hydraulic 
Valve Actuator 

Proportional or Two-Position Action 


The Johnson VA-3400 Electro-Hydraulic 
Valve Actuator provides proportional or two- 
position control for valves in central heating 
and air conditioning systems using extremely 
large volumes of fluid. The actuator is de- 
signed for use with a CYBERTRONIC elec- 
tronic controller and an appropriate Johnson 
valve body. The actuator may be connected 
to the controller for either direct or reverse 
acting control. 

Installation 

If possible, the actuator should be mounted 
in a vertical position. However, mounting 
in any other position may be accomplished if 
a hanger or brace is provided to support 
the actuator body. 

The exact method used to install the VA-3400 
depends on the type of valve body used and 
on the requirements and limitations of the 
individual system. However, the following 
procedure for mounting the valve body to 
the actuator may be used in all installations. 




1. Remove locknut (4) and (if necessary) 
packing nut (2) from the valve stem. 

2. Place adaptor (3) over the valve center- 
piece, 

3. Center the actuator over the adaptor and 
fit the yoke locknut (4) over the valve 
centerpiece. 

4. Replace the locknut and packing nut. 
Check the actuator for correct centering. 

5. With the valve stem all the way up. hold 
valve coupler (6) alongside the actuator 
shaft so that the top of the coupler ex- 
tends to the end of the threaded portion 
of the actuator shaft. 

6. With the coupler in this position, thiead 
stem nut (5) on the valve stem until it 
clears the coupler by one-eighth of an inch. 

7. Hold the <stem nut in this position and 
lighten the coupler against the nut, push- 
ing the stem into the valve as required. 


Printad in U-S.A. 
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8. With the coupler securely locked on the 
valve stem, thread the coupler on the 
actuator all the way to the end of the 
threaded portion of the shaft. The valve 
stem should turn with the nut and couplt^r 
as the coupler is threaded on the shaft. 
The resistance encountered during the last 
few turns of the coupler is the valve 
preload. 

9. Check the actuator for correct centering, 
then tighten the locknut securely. 


Wiring 

The VA-3400 has a power consumption rating 
of 100 V.A. This figure must be taken into 
consideration when sizing transformers. 

The actuator is supplied with a 36" pigtail 
cable of color coded 18 gage stranded wire. 
Use wire nuts to connect the actuator to sys- 
tem wiring. 

.All wiring must be in accordance with ap- 
plicable national and local electrical codes. 


WIRING DIAGRAM FOR DIRECT ACTING CONTROL 



COLOM CODE «lMlNa iS AS FOLLOWS 
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WIRING diagram for two-position control 
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JOHNSON VB-3752 
N.O. STEAM OR WATER VALVE 


thru 2" Cast Brass 2ya" thru 8" Cast Iron 
150 psi Body Rating 


The Johnson VB-3752 Normally Open Valve is 
designed to regulate the flovr of steam or water 
through coils or heat exchangers of all types. 
This valve is accurately controlled by a VA-3200, 
VA-3400 or VA-5000 actuator. 

The VB-3752 valve body is constructed of cast 
red brass in sizes 1/2" through 2", and cast 
iron in sizes 2-1/2" through 8". A modulating 
valve plug, with a replaceable composition disc 
especially compounded for steam and water ser- 
vice, provides an equal percentage relationship 
between valve lift and flow at constant pres- 
sure drop. 


Specifications 



VB-3752 N.O. 
Valve with 
VA-3200 
Actuator 


MODEL 

VB-3752 NORMALLY OPEN VALVE 

SERVICE 

STEAM OR WAT ER. HOT OR COLD 


UNION angle 

1/2” through 2” 

SERVICE 

UNION GLOBE 

1/2" THROUGH I-I/4- 

wUWNfcU I iUN5» 

BODY PATTERNS 

SCREWED GLOBE 

M/2” THROUGH 2” 

SIZES 

flanged globe 

I2S psi 

2-1/2" THROUGH 0" 

INNER VALVE 

EQUAL percentage MODULATING PLUG 

BODY BATING 

ISO esi (lO.S ko/cm' ) 

MAXIMUM 
nDR n AT* 

steam 

35 Dsi (2.5 kp/cm ^ ) 

PRESSURE 

water 

ISO PS 1 (10.5 kp/ cm ’ ) 

MAXIMUM 

i*^DC D AT»W/^ 

STEAM 

28IF (1380 

TEMPERATURE 

water 

28IF (1380 


BODY 

I/2--2” 

HIGH GRADE CAST RED BRASS. NATURAL FINISH 


2-l/2*'-8” 

HIGH TENSILE CAST IRON. BLACK LACQUER FINISH 



l/2''-2" 

BRASS 


TKIM 

2-l/2”-8” 

BRASS. WITH REPLACEABLE SCREWEO-IM SEAT 

MATERIALS 

DISC 

REPLACEABLE COMPOSITION 



1/2” -2” 

U-CUP synthetic ELASTOMER (STEAM AND WATER) 


STEM 


^^0LD6D RING. TEFLON :STF.AMi 


PACKING 

QnQHn 

U-CUP BUNA-N (WATERS 



2.l .'2" -8 - 

ROPE. GRAPhiTED ASBESTOS (VA-3400 ONLY) 


1 - 2 ' 

VA-5000 thermal or VA j200 E LECTRO-HYDRAUL ic 

ACTUATOR 

2-1/2” - 

n/A.)400 OR VA-320C electro-hydraulic 


5” - 8 • 

VA-3400 electro-hydraulic 


oaiMTrn lAi i« « a 


R-4 6 ' 


i7i: 
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JOHNSON SERVICE COMF?<VNY 

307 EAST MICHIGAN STREET • MILWAUKEE. WISCONSIN 93301 



Dimensions 


Installation 

If is recommended that the VB-3752 valve be 
mounted in an upright position. It must be piped 
so that the valve seats against the flow and 
arranged so that the actuator can be easily re- 
moved and replaced. 


Valve Body 


VALVE 

DIMENSIONS (in.) 

SIZE 

(in.) 


D 

c 

p 



Angle 

Globe 




1/2 


1-3/8 

1-5/8 

1.3 8 

1-3/8 

J.| 1/16 

3/4 


|. 13/16 

1.15/ 16 

1-5 8 

1-5. 8 

3-1 16 

1 


2 

2."»/ 16 

1.7 8 

1-7 8 

3-5/16 

1. 1/4 


2-1/4 

2-7/16 

2-3/16 

2-1.3 

4.1. 16 

l-|/2 

4.7/8 

2-5/8 

2-3 4 

2-1 4 


4.1/4 

2 

5-18 

3 

3-1 4 

2-5/8 


5-3/4 

2-1/2 1 

7.1/4 


4.1 1/16 




3 

8-5' 8 


S-S/16 

1 



4 

IC-l/2 


6-5/ >6 




5 

lM/2 


6-7 8 




6 

I4-I'2 


8-3 16 




8 

17.12 


11-15/16 





Actuator 


ACTUATOR 


B 

X • 

VA-5000 

3-1/4 

9-1/4 

4.3/4 

VA-3200 

7-3/4 

1 5-7/8 

4-3/4 

VA.3400 

15-1/4 

28-1/4 

5-1/2 


* X if thf minimum clearance required to 
remove the actuator. 
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JOHNSON SERVICE COMRi\NY 

S07 east MICHIGAN STREET • MILWAUKEE. WISCONSIN ^330i 

JOHNSON VB-3970 
N.C. STEAM OR WATER VALVE 

Va" thru 2" Cast Brass 2 ’/a" thru 8" Cast Iror 

150 psi Body Rating 


PRODUCT 

DATA. 

VB-3970 


The Johnson VB-3970 Normally Closed Valve is 
designed to regulate the flow of steam or water 
through coils or heat exchangers of all types. 
This valve is accurately controlled by a VA-3209. 
VA-3400 or VA-5000 actuator. 

The VB-3970 valve body is constructed of cast 
red hf»ss in sizes 1/2" through 2". and cast 
iron in sizes 2-1/2" through 8". A modulating 
valve plug, with a replaceable composition disc 
especially compounded for steam and water ser- 
vice, provides an equal percentage relatiorship 
between valve lift and flow at constant pres- 
sure drop. 


Specifications 



VB-3970 N.C. 
Valve with 
VA-3200 
Actuator 


MODEL 

VB-3970 normally CLOSED VALVE 

SERVICE 
CONNECTIONS' 
BODY PATTERNS 
SIZES 

SCREWED GLOBE 

1 2 * THROUGH 2" 

flanged globe 

125 psi 

2-1 2" through 8" 

INNER VALVE 

equal percentage MODULATING PLUG 

BODY RATING 

1 50 PS 1 (10.5 kp^ cm * ) 

MAXIMUM 

/*^OC D ATI Mr* 

STEAM 

35 PSI (2.5 kp cn\ * ) 

U“C 1 1 NVJ 

PRESSURE 

water 

150 psi (10.5 kp^ cm ^ ) 

MAXIMUM 

STEAM 

201 F (1380 

OPERATING 

TEMPERATURE 

water 

2BIF (1380 


BODY 

l/2*'-2" 

HIGH GRADE CAST RED BRASS. NATURAL FINISH 


hJ 

1 

GO 

HIGH tensile cast iron, black lacquer Finish 




BRASS 


1 -A Irn 

2-1 2' -0 - 

BRASS. WITH replaceable SCREWED-IN SEAT 

MATERIALS 

DISC 

replaceable CCMPOSinCN 


stem 

PACKING 

1 2-2" 

U-CUP SYNTHETIC ELASTO^^ER 'STEAM AND WATER) 


2.1 2"-4- 

^^OLDEO RING TEFLON (STEAM) 


2.1 2-4- 

I U-CUP BUNA-N (WATER) 



2-1 2"-8" 

1 ROPE GRAPhiTED ASBESTOS (VA.3400 ONLY) 


l>'2“ - 2 • 

1 VA-5000 THERriAL OR VA-3200 electro-hydraulic 

ACTUATOR 

2.I/2*' - 4- 

V/-3200 OR VA.3400 electro-hydraulic 


5“ - 

VA.34G0 ELECTRO-HYORAULIC 
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Globe Valve wiib Screwed End* 


R-51 



ORIGINAL PAGE IS 
OF POOR QUALITY 


125 1b. SWP-200 lb. WOGt • OS&Y 
Solid Wedne Disc • Bolted Bonnet • Gland Packed 



>Non SHocb 


MAURIAL LIST 


OfSCimMION ^ 


lliiily 


SiMl Hin’1 MM 
Sr it Ming Al 


V.rdiM* 7“ ?'» 

BM 

V\n|.|r 3 1? 

BM 

V'liMicji* Al 


Wrilqe Hinq 3 

17 DM 


MAIIMIAI 

A SnClTOHnN 


Slim Siffel 

• ASIM A 

176 r:i li 


Minii/r * 

ASIM H 61 



Srmi Sirel 

• ASIM A 

176 Cl H 


Bfin;r • 

ASIM B M 



SiMm Sln*l 

. ASIM A 

176 Cl H 


S»*ihj Sli*l*l 

. ASIM A 

171. Cl II 


Hi )M/r • 

ASTM b 61 



Srnii Sirf'l 

• ASIM A 

176 riB 


AsIicn!p\ • 

• r.ompirs^nl 


Slrrl • ASTM A 30/ Gr H 


BikIi%»*jI Bushinq 6M 
R.irk\f4t bussing Al 

'iirm 7 ?’i RW 

M.’iii 3 ' I?" m 
Sinn 2P91 A <*'89 


blind BM 
riLind 7 ’ 4 
Gland S'* I? 


Binn/i> • AStM B 67 

Srmi Sterl • ASTM A 176 Cl B 

Mjnq Binnir . ASKd H 14/ Al /A 

M.iiiq • AS1M H lt<l Al A 

Niikrl rild Sl^i'l • ASIM A 108 (W H 1117 


(ifiiphitrd A^br'.'oS • Formrd 

Brnn/f . ASIM B 67 

SleH . ASIM A 108 Gi 0 ill? 

Sniii Sire! • ASIM A 176 Cl H 


Gland 6lanqr 

Snm Steel • ASTM A 176 Cl b 

Gland (yeboll 

Strel • Mild Carbon 

lyrbolf Mill BM 
lypbolt Nut Al 

Glass • ASTM B 16 
SiPCi • ASTM A 30/ Gi B 

Ynkf Aims 5 & 8 17 " 

Seim SirrI • ASTM A 176 Cl B 

Yoke Nut 

Mang Uion/r • ASTM B 14/ Al /A 

YA Boll 8 Nui S ' 8 8 17 

Steel . ASTM A 30/ Gi B 

Rrliininq Nul 2" 4 * 
YA Cap S AS" 12"* 

Seim Strel • ASTM A 176 Cl H 
Steel • ASTM A 108 fn 1018 




llamltxiHeei 

M.ill liuii • ASIM A 4/ Gi 37510 

Wlirel Nul 

M.ill linn . ASIM A 4/ Gi 375K) 

•Not Shown 


DIMENSIONS 




?•/," 3' 


6'; 


16V.« is:i 


?/, 3 


17 

17 

5 

6 

111 

11 


40'. 49'. 


14 



MILWAUKEE 2889 • FE • BM 
Same as 2885 except Steel Stem 
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2884 SE 2" to 4 ' & 6" 


Manq^ Sli.ipr and lliillinn to Sprc USAS B 16 1 (12S lb I 


rf'HM I Mil rls III l•^•lls Ihi* ffiju'H M rfits ol FfdtMdl Sp«*C«l 

I .l•l(»M N't V\vV V '.*H I'lf Ty{ii* I (OS) A V.^lve* 28f 

|||.•l•l•, »M till* M'fHiiHMiirnls ol Ff(lr»,il Speciltc atii> 

tj.i w\\ 'M I, If Type I (t)f ) ri.mv A V, lives . 0 



• i.ik . • 

























































BRONZE GATE 

125 lb. SWP-200 lb. WOGt • Ganeral Service 
Rising Stem * Solid Wedge Disc 
Screwed Bonnet * Sweat Ends * Gland Packed 






MILWAUKEE 

MILWAUKEE 

MILWAUKEE 


1149 

1149M* 

1119* 



250 psi Shell 


TEST PRESSURE 


MATERIAL LIST 


125 pii Silt 


PART 

MATERIAL 

SPECIFICATION 

Body 

Bronie 

ASTM B 62 

Bonnit 

Bronie 

ASTM B 62 j 

Wedge Disc 

Bronte 

ASTM B 62 ' 

Stem 

Bronze 

ASTM B 62 

Packing 

Teflon/ 

Imp./Asb. 

Commercial . 

Giand 

Bronze 

ASTM B 16 

Packing Nut 

Bronze 

Commarcial 

Handwheel 

Aluminum 

Commarcial 

Identification 

Plate 

Aluminum 

Commarcial 

Handwheel Nut 

Bronze 

Commarcial 


DIMENSIONS-INCHES 


© 

(D 


4 4 » 

NOTE; 4* sixn hat split wedge and NOTE Dimension*: shown are tor 

bolted bonnet It is not covered m solder ends Braxed end prepare* 

Fed Spec. WW-V-54 tion also available 


^MILWAUKEE H49M 

Sams but with malleable 
irfin iiarulwheel 


MILWAUKEE 1119-** 
Same but with drain 

B-53 



OIM.B 

DiM.C 

DIM. G 

5'/i 

VA 

A 

5‘/i. 

VA 

A 

6% 

2K 

A 

7*/,. 

2H 

»%. 

0”/.i 

3 

”/ii 1 

9”/ii 

3’/. 

15^1 


4 

V'Ai 

14’/. 

4J4 

VAi 

16^ 

5 

VVu 

15’/i 

5 I 

2V.I 



These valves meet or exceed the requirements of Federal 
Specifics* on No WW-V-54 tor Type II. Class A Valves. 

MILWAUKEE VALVE COMPANY, INC. 

237b South Ruriell Street • Milwaukee. Wisconsin 63207 
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MILWAUKEE 


T[$T PRESSURE 


1152 


!S0 ni Still 


125 psi Seat 


MATERIAL LIST 



PART 

MATERIAL 

SPECIFICATION 

Body 

Bronze 

ASTM B 62 

Bonnet 

Bronze 

ASTM B 62 

Wedge Disc 

Bronze 

ASTM B 62 

Stem 

Bronze 

ASTM B 62 

Union Bonnet 
Nut 

Bronze 

ASTM B 62 

Packing 

Teflon/ 

Imp./Asb. 

Commercial 

Gland 

Bronze 

ASTM B 16 

Pecking Nut 

Bronze 

Commercial 

Handwheel 

Aluminum 

Commercicil 

Identification 

Plato 

Aluminum 

Commercial 

Handwheel Nut 

Bronze 

Commercial 


DIMENSIOHS-INCHES 


DIM. A 


154 






DIM. B 


5 % 




DIM. C 


2 ’/. 





iATE 

1251b. SWP-200 lb. WOGt • Industrial Saivkt 
Rising Stem * Solid Wedge Disc 
Union Bonnet * Screwed Ends * Gland Packed 



vatvut muut or tncuud thn roquiromontt .if fniiiMl 
Sl>t(.llKafMifi No VArW V t*t fo* l#i»u II ( WtHO A Viilw«i\ 


MILWAUKEE VALVE COMPANY. INC. 

2.1/'.' Soi 111 UiiMoll blioE'l • Milw.mkoo, Wibi.onsm 
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MILWAUKEE VALVE 


NEW from Milw.iiikcc . . . pjohr v.ilvr fiw \rvrrr rrifir*il 
service . . . special dcMitit st.imicss sfcrl renrf*.il»lr 
'*600 Brinell*" seat and disc . . . FULL f LOW 


VAIVIS 

BUILT 

TO 

TAKE 

IT 


NEW **600 BRINELL" GLOBE VALVES 

I UR SI vrRr/cmiK'Ai scrvkx — fuo irincu mai minc. and disc 


‘ \> tf' .< 


WIOI MAT 
THAI AGIO 


0^44 . 


!l! 


in 





fUU MOW 


Thi*k uiii(|iic MIIWAUKM »*l« I ' v «\f 

- 'jj*! - ’ iii.ikfs \^n rni>*! popijl.ir di*si»i'ns c;hst .Irt#’' 


IHil 


M 

lO * 



throtuinc 


Th«t Vjive provulft po&'tive %tiut off 

L a milmmm A. w fli.'flCr foi ffTI' *? 
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Wri' th# throttling \*j' j'.f of thi% c^m 
'V n plnh^ y^lv# Mhdlty !o 


691 

300 woo 
Union BffUHt 

ScrrMdCn<t fV 
Ctend 

. • A#*, ■ 

■ v'’,, .-.i 

, -A 

S92 ’ * '• -r^' 

200 Lb. IMff-SQO^ 

r 400 woo 

UnKM Mnnit v 7 
ScTMMd CmMu 
O iAAdVadM 
stiMi V4* bmie^k 

■/. iViA'-, 

•••• 


• ^ 


AE^D AE^GLE 

150 lb. SWP-300 Ib.WOGi • Heavy Duty Service 
Composition Steam Disc 

Union Bonnet • Screwed Ends • Gland Packed 


- D — 


NOTE Teflon Oisr av.i l.ihln foi 590 anrl 595. 

fy ‘MILWAUKEE 590S 

^ ‘MILWAUKEE 595S 

3001b. WOGt • Buna N Disc 




300 psi Shell 



MILWAUKEE ^OHSLOBE 
MILWAUKEE 590S' GLOBE 
MILWAUKEE 595 ANGLE 
MILWAUKEE 595S* ANGLE 


TEST PRESSURES 


150 psi Seat 


PART 


body 


2 I Bonnet 


3 Oise 


Stem 


5 I Disc Holder 


Union Bonnet 
Nut 


Packing 


Gland 


Disc Nut 


Handwheel 


Identification 

Plate 


MATERIAL LIST 


MATERIAL SPECIFICATION 


Bronze 


Bionze 


Bronze 


Bronze 



Bronze 


Bronze 


Bronze 


Aluminum 


Aluminum 


Handwheel Nut | Bronze 


ASTM B 62 


ASTM B 62 


ASTM B 62 


ASTM B 16 

ASTM B 62 
’/i" to 3" inef. 


ASTM B 62 


Commercial 


ASTM B 16 


Commercial 


Commercial 


Commercial 


Commercial 


Commercial 


DIM. A 

DIM. B 

DIM. C 

2Vi 

4y,i 

iy. 

2% 

4’/,. 

iy« 

2‘/i 

4’/, 

2/. 

2”/.. 

5% 

2V» 

3% 

b/: 

IVa 

35i 

6V,. 

3 

4’/. 

7’/. 

3’/. 

4% 

IV* 

4 

5’/* 

9 

4’/, 

6y« 

10‘/i 

5 

8 

12'/t 

6 



1)90 «int1 590S nteof or excer ci the requirements of Federal 
Spr^ification No WW-V 51 for Type I Class B Valves 
59b and 595S meet or e;*cepd the requirements of Federal 
Specifiratioii No WW V 51 lor Type II. Class B Velves. 
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IRON CHECK 

HORIZONTAL SWING 

125 lb. SWP-200 lb. WOG > • Bolted Cap 


MATERIAL LIST 


NO 

1 

niscniriiiiN 

Roily 

MAIIMIAI A Sl’ir.llllAIIIIN 
St’iiii Slpol • ASIM A 17 li C.l B 

? 

Ulsi. 2 * 4 " BM 
Oiu. 5 " 12 " BM 
Oi^c Al 

Bion/i; • ASTM B 61 

Spun Sleel • ASIMAU 6 C 1 B 

Spmii Slppl • ASIM A 126 Cl B 

3 

Disc Rmtt 5 " 12 " BM 

Bion;p • ASfM B 6 ^ 

4 

Spat Rmq BM 
Sr.it Hiiu| - Al 

Hinii/p « ASIM B 61 

SiMiii Steel • ASIM A 120 1^1 R 

b 

Disr Wnslirr ?" 6 " 
Disr Washer 8 
Dim Washer 10 12 " 

SippI • Mild Caihnii 

Steel • ASTM A 107 Gi 1020 1022 

Stcr’l • ASIM A 7 

fi 

Disi Sturt 5 ‘ 12 " 

Slri'l . ASTM A 107 Gi 101 b 1022 

1 

Pisr Sliiil Niil 

Slept . ASir. A 307 In H 

R 

Sti.ip BM 
Strap Al 

Bioii;p • ASTM A hi 
SlPPl • ASTM A 216 Gr WCB 

9 

Sti.ip Pm-BM 
Strap Pin Al 

Aliiin/Bion/p • ASIMBHiOAl 1 
SippI . ASTM A lOB G' III 1 R 1071 ) 

10 

Spt Sr.ipw 

Steel • Mild Carhoii 

11 

G.tski?! 

Ashesios • Coinpiessed 

12 

Cap 

SiMiii SippI • ASIM A 176 Cl B 

13 

Body Stud 

SippI • ASTM A 107 Gi 1(115 1077 

14 

Body Stud Nut 

Steel • ASTM A 307 Gi B 


DIMENSIONS 


SIZf 

2' 

2'V' 

3 

3’/," 

— 

4* 

b 

f) 

8“ 

10" 

12' 

A 

8 

RV, 

9'/, 

in:, 

If, 

13 

14 

19’/, 

24’/, 

2/’, 

At 

GV, 

7 

8 


to 






B 

3’Vw 

4'/,k 


bv,. 

bf- 

6’!'., 

7\ 

8"., 


l?f. 

0 


7 \ 

3’. 

3 ’ V 1 e 

4 ’A* 



8’i 

10‘b 

1 2 ' « 

{ 

6 

1 

7V, 

wmm 

9 

10 

1 

It 

■Ih 

1 

16 

19 


MILWAUKEE VALVE COMPANY. INC. 

2375 South Burrell Street • Milw.mkoo. Wisconsin 53207 


MILWAUKEE 2973 • SE • BM 
MILWAUKEE 2972 • SE • Al 
MILWAUKEE 2974 • FE • BM 
MILWAUKEE 2971 • FE • Al 




(Ji>- 

Oi) - 

Oo> 






2972 /?9/3 SE 


Sli'M'P •ind Onllinq 10 Spec USAS B 16 1 (126 lb ) 


CODI SI S» fvwrd Ends FE —Flanged Ends. BM — Ironit 
Mminf».’d Al All Iron Construction 
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i*83 


f 

I 

» 

f 


> 

( 


f 

r 

I 

I 

I 

f 


I 

» 

t 

I 


r 


TOTAt HEAD IN FEET TOTAL HEAD IN FEET 


mrOHMANCC cnaractcristic CUHVC 


3 x 3 x 9 */^ CIMTMfVttAi PW I 


CUIVCS BASCD OH SMOr ClfA:? COlO WATtR AT A TTMPtRATURC Of HOT 

OVCI 1ST PCRfORMAr , ‘ AT INDICATED OPERATING POINT ONLY 

HORSEPOWER CURVES b.^ iin\UU i.'^iTOP SERVICE FACTOR ai 


^ SERltS 80 

VfO/^ 


1750 


»ATI 3- 18 70 



lmp«||«rt «r« tnmmtd tn Sk 
incrtmtntt lo tupoly rpqutftd 
upacify. RatppntibiMy for final 
•mptilar tiiinc rtmpint with ITT 
Ball 4 GottalT. 



-I. i,:: 

m- 


1^: 

— 

— 

— 

— 



1 



Z 

— 

— 


— 




r*r.7''rn''.r:''i ctirr;t rwi 3x3x9*/i cwTiBruoAi pv«n no. no. SERIES 80 

:rrr;f.r> u‘^«rr, ciear cold water at a temperature of not 

r, rr ^ 'E IS CI''^^^’TEED at indicated operating point only. 

*":R f » ' '’Or ir'|"''E motor service factor Aaaaoyfo;p 


**»«« 3500 


OATC 318 70 


!■■■■■■■■ 

HBliiSBB! 


■ 

■ 

1 

1 

1 

1 

.6C 

1 %... 





\Ci 





Lj 



1 

s 




63Vi% 


Impellart xra trimmtd m 
• increments to supply required ■ 
capacity. Responsibility for final 
. impeller suing remains with ITT - 
Bell 4 Gossett. 


.63Vi%. 


1 

.58%— ^bOHP- 


-N.P.S.H.- 


200 300 400 500 600 

CAPACITY IN U.S. GAUONS PER MINUTE 

BELL & GOSSETT morton grove, ill. eoosaTTfirp 

Fluid Maidling Oivmnn lnlernalion.il Telephone and felegr.ipn Corporation «JL. Jl, , JL ■ 


HJtSM. 














TOTAl HEAD IN FEET 1»TAt HIAO IN FEET 


III. PUMPS 


SERIES 



Wf OMMN Ct eiMMCTCmSTIC CUNVC 3l3l9VT CMTWVMi mtm n 

CII«Vf$ BAStD ON SHOP T!»T (,is:mC ClfAS CW.0 WAU* At A UMPtAAfUAC Of ACT 
OVtl B*F. KAFOWIAt; ': AT INDICATED OAEAATIHO MINT ONU. 

HMSCroWCN CURVES uO '10 1 iiiauCl MOTOR SERVICE FACTOR i 


PERFORMANCE CURVES 


3 i 3 i 9 Vi eMT«»v«M rvm m. m. SERICS 80 1750 


Mtt 3- 18-70 


paa'flaria'^oj^yHpuaaaaBaaaaiaaaal 



lmp«lt«ri or« tfimmtd in V 4 * 
iner«m«nti lo iupeiy rcpyi^ 
fpsMf. RntpontipiHty tor 
impttlor suing rtmoms with ITT 


■■^sftparir.ibSiraiBiBaaaaaaaHaaaaaBBBBiii 

■BCBiJi:*!i|IBBi?BS^BBBBBBBBBBBBBBBBBBBBI 


BuSSSBWBl 

BBBBBBBBBk^BBSWffSi: ^ 


. IBBSSaSBBBBSI 


rt-n/PrriAticE r!;ArA-nTF.msTic cutr;E ro« 3 x 3 x 9 */^ e«T«m«*i n» m. SERIES 80 »«*• 3500 

cmr;Es nAFFo rn t?.st usirr, cuar cold water at a temperature of not 

OVFFI ffi". PEP-A IS CMARAMTEED AT INDICATED OPERATING POINT ONLf. ^ . 

HnRFE'rV'R ri • ; r t UOT ir"’| linE motor service factor Arrmnu^ o«Tt 3-18-70 

iXl /' ■ T I. l . U , 1.1 I I I I I I I I TTITl^'Wn 


liSViBriBBUBaBBS^Si^iraBI 

lIBBliKwSS'SS^iiiLBRBBSl^BSiBBK 


impcilors «r# trimmtO m 
incrsments to supply rsquifod 
csDscity. ResponsibiHty for finsi 
imptMcr stcmg rcmams with ITT 
B«n 4 Gossett. 


BBBBBBBBBBBKjBSS^^ 
IBBBBBBBBBBBlifiBSBBBBBBBBBBB 
IBBBBBiBBBBBBBflBBBSBBBBBBiBBBBBBB 
IBBBBWBBBBBBBBSBBBBBBBBiiflBBBB 
IBBBtBiiBBBBgSiliiBBBBBBBBBBBBBBBBB 
IBS^^SSBBBBBBBBBiBBBBBBBBiBBBBB 


200 300 400 500 600 

CAPACITY IN U.S. GAUONS PER MINUTE 

BELL & GOSSETT MORTON GROVE, ILL. 60053 TTpiTl 

Fluid Hindlini Divtiion, Intarnational Telephon* and Telegraph Corporalion JL>JL»,JL« 









PCJVOmiANCC CNAMCTtlllSTIC CUAVC PM 2 ‘Ax 2 ‘/^x 9 ^/^ cuTMruAAi ruM nc no. SERIES 80 

cuirves based on shop test using clear cold water at a temperature op not 

OVER I5*P. PERFORMANCE IS GUARANTEED AT INDICATED OPERATING POINT ONLt ^ 

HORSEPOWER CURVES DO NOT INCLUDE MOTOR SERVICE FACTOR ai^tuvio^ 


Oi^Ti 318 70 


lmp«ll«ri trimmpd in 
• ncrtmtntt to tuDO'y rtquirod 
capacity. Rafpontibiiity for final 
(mptllar ttamf ramaintwifh iTT 



CAPACITY IN U.S. GALLONS PER MINUTE 

BELL & GOSSETT morton grove, ill. 60os3 

fluid Hindling Oiyition Internjlionjl T«ifphonr jtnd Telegr.iph Corporation 


-rmm ORIGINAL PAGE IS 
XTT OF POOR QUALITY 











AURORA PUMP 

A UNIT OF GENERAL SIGNAL 

1400 AIMOOMT MOAD.NrtlOH AHMOMA H I INOIS . OOS4 7 


SALES OFFICE: 14/ y/ A/agrsv ^asee/ATgg po# 

FACTORY ORDER NUMBER: ^<27 » 9S S9 

JOB: ’TTsi.eje • BluB. £jk^'rn MiAiAi^c/iyA 

SERVICE: 

ENGINEER: 

CONTRACTOR : Il^lAtf/XSTOu-^LUMBMU^ «slI2_Hf4r/Va_CoiMeANK 

SOLnTQ! MAUMArr% Pt^uMBlUlm A t Jt^ ^C AT/ A/tM CaMMtj y PO # 

REFERENCE: A/ei. ^ 



NO. CP PRINTS 


POR APPROVAL 

PINAL 


PUMP 




NUMBER OF UNITS 
GPM 


^v^>e7A 




.HEAD 


SIZE 

/ RPM 


STUFFING BOX: 

□ SLINGER 

□ PACKING 

□ LANTERN RING 


CONSTRUCTION: 

8 STANDARD 
FITTED 

□ 


.HP. 


PUMP BEARING: 

□ STANDARD 

n CUTlESS RUBBER 

□ RELIEF 

8 GRAPHITAR 

□ GLASS/TEFLON 

COUPLING: BASEPLATE: 

8 STANDARD 8 40* t >f A 

□ guard □ 20x24 oval 

□ 8 22x2BOVAL 


INTERMEDIATE BEARING: 

□ STANDARD 

□ CUTLESS RUBBER 

□ RELIEF 

8 GRAPHITAR 

□ GLASS/TEFLON 
CONTROLS: 

8 gQ«-D9036»« ACw<.54 

□ 

□ 


model //"O** pit depth 

□ DUPLEX H SIMPLEX 

LUBRICATION: 

Q GREASE 
8 FLUSH 
□ PRESSURIZED 


BY: 8 AURORA 
□ OTHERS 


PUMP: 5.S. fiA/AfTT 


MOTOR 

.PHASE IaO hertz to o VOLTS 

8 OOP K VERTICAL 

□ TEFC /AC TO^jf^CHojCEi. 

□ XPROOF 


/7gO RPM 


FLOAT SWITCH 
ALTERNATOR 
HIGH WATER ALARM 


IAS HP FRAMl 


manufacturer 


NOTE: MOTOR NOT MOUNTED 
AT FACTORY ON 
VERTICAL UNITS. 


SPECIAL REQUIREMENTS 


DRIVt- 


ELECTRICAL: 











CERTIFIED 

SECTION: 

A3C> 

PAGF ZS3 

CURVE NUMBER: 


PRINT: 

SPECIAL. _ 



MAINTENANCE: 



BY; 

-T^uJ 

DATE: ^ 

a~?~7 Aue^pA 



THIS ORDER WILL NOT BE PROCESSED FOR MANUFACTURING UNTIL APPROVAL IS RECEIVED. 
PRINTS ARE NOT TO SCALE AND ARE CERTIF ILD CORRECT ONLY FOR THIS ORDER. ALL 
ORDERS SUBJECT TO ACCEPTANCE AT AURORA PUMP. NORTH AURORA. ILLINOIS. 



THIS ORDER CAN BE RELEASED FOR MANUFACTURING AS SHOWN; ( 1 ^‘'THORITY 

OFFICE: 

RELEASE FOR MANUFACTURING PER ATTACIinoniANGG OnDER; | 1 

B-60 f. • • 


j 









.AUKUKA model y^\ KUMP— 

ON SIMPLEX PLATE WITH OVAL 




UNE^ 


PUMP SIZE 


CASE 

DISCH SUCTION BORE 


SECTION S30 pace2S 
DATED MARCH 19>S 

SUPERSEDES PACE 2S3 
DATED AUGUST 1973 


MIN. 

COVER 

SIZE 




5 

9A 

S 

9B 



13’*.. 8',. 


8* I. 15* I, 


*'» 13*. 


<*.. 14*. 


15* 


14’. 


OVAL SIZE 

20 X 24 

n 

22 X 28 

IS! 


COVER 

SIZE 

B 

C 

H 

34 

EB 

16 

40 

m 

19 

46 

44 

22 

S3 

51 

2S', 

60 

58 

29 

66 

64 

32 

78 

76 

38 





STEEL 


FRAME 


143HP 13*', 


USHP 13’, 


182HP 13’, 


184HP 13’, 


213HP 13’, 


21SHP 13’, 


254MP 13’, 


256MP 13’i 


NOTES; 1. ALL DIMENSIONS IN INCHES. 

2. DIMENSIONS MAY VARY ll/8. 

3. NOT FOR CONSTRUCTION PURPOSES UNLESS CERTIFIED. 
^FLOAT SWITCH FURNISHED ONLY WHEN SPECIFIED. 

f^LINE SHAFT BEARING FURNISHED ON 6' 2" PUMP 

V-/ SETTINGS AND LONGER. 

6. PUMPS WITH 36" COVER AND LARGER ARE SUPPLIED 
WITH 22 X 28 OVAL AS STANDARD. 


AURORA PUMP 

A UNIT OF GENERAL SIGNAL 

iitiM AiMi'uMf MOAU NuM iM A« iiif >i«A ii ; iNiH!» • mird; 


206HPH 

15’, 

324HP 

15’, 

326HP 

15*', 

364MP 

15’, 

36SHP 

15’i 






















































































































POUNDS PER SQUAR . 


srciioN r/ rAOi 

EflMtivn Miirch 1, 19/fi 


Model 

15ICU-1 


Peabody Barnes 

MANSFIELD, OHIO 


70 1- 160 


- L 


Uj. 


J • 
0/ Jf 


■ f 1 


I I 

I 


il ! f; il 1 . 




I I ?5 ; ■! »- 


4«|p Ik KCT- 



j ir/^ 


ii 


L 


i • Il 


I ' 


h** n l' 




j O'i - } 


- + - ^ 


O page is 

OF POOR QUALITY 


lil■lllllllllll■l , 

BBaiamBBta 


PERFORMANCE CURVE 
3 SELF PRIMING CENTRIFUGAL 
PUMP 

IMPELLER 51Y08 DlA.t" 
LIQUID- WATER 


iSSiii 


40-i- »JiJ 


Z BO 


I 60 


20 + ^ 


P 40 


iiSBBI 




BBBBBa^gBBaaiia 



10 





Po.'il )oclyl.'i 


M ( I ION 1/ I'AUL 70 
I llitrlivn M.ircli 1 107b 



Model 

15ICU-1 


Siie 3” X 3" 


• UNIVERSAL DRIVE- t 
ADAPTS TO ANY 
POWER SOURCE 


SELF PRIMING 
CENTRIFUGAL 
PUMP 


PUMP SPECIFICATIONS ^ 

Size Suction Discharge: T x 3‘ I 

Body Material: ( r t ir>»i \ 

Volute Material: L.r«t Immi » 

Impeller Material: C .r.r Iron | 

Impeller: Opi'n lypn. (im imn i 

Seal: ( )ouhl*‘ Hii I uhrn Mt*( hiinK:.il I 

\ .11 .• .iiwl lip ' , p«’. r»l.linl*'*,s Sl«‘t»l I 

M.'Ul P If 1 . p.iihnii .111(1 U’l.irnic Faces 
Pedestal Material: ( .) 1 Iron 
Bearings: 3 H i«li il lliil Rn.iiinrr. 

Shaft: Si '*1 * oili !.i iimIi • • Sh i l f 

Standard Equipment: |)ri h.ini** Priming Tm, i 

S(i( iM'n y linii'-, bu I Min Chirk Valve \ 

I 

Note: Avail. ihl'- \miIi Flnxiblu Coupling, 

Hi'i in M'lii'r .in«l Spn* i.il Seals— I 

C'oiiMill F I loi V 

Peabody Barnes 



-6 



ENGINES y H.P. to lO H.P. 


_ ,!L 

I ‘ » I J' 


I- ,1 

’ — 


nrii'' I '•] :(ov 

•IV J .'i* l *uuKiT t , (fi »rt;i 

,cx ’ P ii'TV b 


■ O'- : ■\:- 


rj^ 


■ .\...ir ••!»“»; i! V . V" j,, 

*.# .jiii- ... . j •■ I i,p|. 

>• ’M m r i t 

\ I I 4ft -J IV (- 


■ 'j' ■ . f 


-Owr f \ 




• 'I -1 I , 

- 7U . • J I 

k- - ^ “i AUMWfc^*^^ PV'N ri.vs:— 

ch »rjui4w 


46- rj: t. 

I I... \ .... 

tJ-;,. ;t 9.1 

riifjRi 


‘ 'J.!'' 


■k -■> 


•f |>»» %!•' 


...r^ 


y.., v'.^:,j.,, . ... 


I- ' 

1 f^z ^ ^ 


..rj 


...f* riT 


1 . ' • <■'; i ‘‘i 

-I , ( • > V ) £j^ * 

» t» I - I •t’f ,./ , 


• ' ; Mr 

)•' i • — •• 

J ' • •• 'Vj w. 

; . 

C ’ I ^ 

tv;»> . * K »» . • 

k losjH* le »*• I ; . ' 

I i • ; ^ ^ -.f i^V * 


^ I V' ■ 

^ ; r -b I I 


• I r ♦k i 

• !*• . 0 ...},/*' I I 

‘ i r 'I - *^A ip-w'-wtftowftMfc I 

^ '•u ♦ - * * ja‘» >'f*i I 

- 4 | 4 | ^ 0 WBRA n C^C^.Mn $.pc% 

^ ^ *'i ^ •'OA'»<<PtVV • r 

CV >*’Vs Ak 


:i - 


J I -1 


-I - 


• . * i ••• ' 

:-:-ti-r.u 


-i. :. . : 

. . J ✓ 


ORIGINAL 
OF POOR QUALrnQ 


*•- n L. ' 


>|.I. .l..M.'aJ JiiU, " V 

' ' ' . i I 

i: v-i .’y*' •■ •• • ‘ 

I • i-'f ‘ '■ / 

' I" .-''■.M i 


I (■;, ■■ 'I ’ ’ ■• r- 

i M': ' f ':.^ 

,..f I > 


J V V ■ ' -V ' ' ■ 'M' I .' }' ' V/:^i • 

! . 'I K\ ' V''-'* :,| ” ■ ' 

-rf .•;,.t,.V '.V.j."';^ j I; ,- A Vj 

Mx.su.; ..••• ■'^ " • I 


>. A 

- ; I * . • I 


‘ »*V 

• ./J- 




I c%r’“ 


I A . ...si .iickcu**! 


I « •• r«M.i4;«(< o*«**i> 


I !-.}-uT-.r 












IV. PIPING 



SUBMITTAL DATA 



Carrier Pipe : 
(Inner Pipe) 

Insulation: 


Jacketing Material : 
Joining Method of System : 


DATE: July 7, 1977 

JOB: Solar System Underground Pre^Insulated 

Piping 

LOCATION: Telex Corporation 

CONTRACTOR: Mankato Plumbing & Heating 

Mankato, MN 

ENGINEER: I T C ( Inter technology Corp. ) 

Warrenton, VA 

SYSTEM: Rovanco's Insul-8 Copper "0" Ring 

Coupled 

Tubing, Copper, Type L, conforming to ASTM B88, 

"0" Ring Coupled 

Polyurethane foam conforming to MlL-I-24172 with 
the following minimum characteristics: Thickness* 

1", Ocnsi ty-2pcf , Closed Cell Content-90~95X» K 
Factor-. 13 at 65*F 

Seamless polyvinylchloride (PVC) Class 12454 
compound conforming to ASTM 1784, Type 1, Grade 1 

An integral part of each 20* length of pipe includes 
a machined bronze coupling containing one "0" Ring 
Seal with operating temperature and pressure limits 
of 250* F and 250 psi as rated by independent testing 
laboratori es 


Fi ttings : Wrought copper compatable with pipe 

End Seals : End seal protection of exposed insulation according 

to Rovanco Cc/p's most recent data 

Exoansion/Contraction : ' Taken up in coupling mechanism which allows 3/4" 

expansion or contraction every 20 feet 

Insulation of Coupling Joints; Couplings are insulated with flexible polyurethane 

disk and sleeved with PVC with seams sealed with 
a heat .‘-.'irkable tape to complete vapor barrier 

Insulation of Fittings : Fittings are left uninsulated but are thrust blocked 

in poured concrete to provide anchors and to Insure 
movement is taken up in coupling mechanisms 





210 SO cfNTfn STRcrr 
JOLIfT. ILLINOIS 60430 


^NONf til- 720 0040 


Insui-dD 

TJCcuut^attwtau ^xt'^nAulatid “PiptM/^ SfU€m< 


ROVANCO lNSUL-0 "0" RING COUPLING 
Drawing Description and Assembly Tnsfuctions 


The 0-Ring Coupling System shown in Rovanco Drawing W73 h;*5 been 
designed to allow Tor expansion and contraction of underground insulated 
piping systems. This 0-Ring Coupling follows all basic design and 
engineering principles and meets all federal specifications for these 
type systems. Other competitors have similar systems which are patented. 
Rovanco' s patents do not infringe otliers in any way, and you will be 
indemnified in this matter. 

Our system comes to you complete and ready to install with the 
expansion coupling attached to one end of the pipe, and the other pre- 
sized and dressed to insert into tl^c coupling. 

1. Place P.V.C. Sleeve on one end of the pipe. Slide it back 
so it will be out of the way for Joint asscmi^ly. 

2. Clean off any dirt or oil frem the coupling (female end) 
and the spigot end (male end). 

3* Place flexible urethane ring around the coupling and 
insert spigot end into coupling until there is no gap 
between the sections. 

4. Slide P.V.C. Sleeve over the joint centering it. 

5* Elbows are soldered to a spigot end of pipe and the foam 
is sealed against moisture with an end seal. 

6. If necessary rj cut full lengths in the field, this is 
easily done by following the instructions in Exhibit B. 

7. Concrete thrust blocks af'c poured as anchors at all 
changes of directions, 90° Els, 45° Els, Tees. 

8. After the system has been installed and pressure tested, 
the sleeves that were slid over the couplings are sealed 
with tapecoat to prevent any ground water from entering 
the system.' • 


rLcy 














DRAV*I?4(« NUM 





DIVISION McOUAY-ITMI FX IN( 
p.o. nox in<ti. MiNNi Aroiir., MiNNrfioTA 


CtRTIFlEO OHAWINC V. HE. 


iOli 

Telex Corporation - Blue Earth, Minn. 


PURCHASER! 

Mankato Plumbing & Heating 


CONS. ENG Ri 

nternatiohal Desinn, Inc. 


REVISION 


SERPENTINE 
WATER COIL 

EXCHANGERS 


date 6/30/77 OR. tm 


CM. AfP. I 


rURCMASlRS P.O. 100 


Schwab 


rep. P.O. 


10 


UY I »AS 


FOR .4 7329 ] 0 t 


G.O. 


Hl^^4 

H|.^^ 


] PRINTS 

n 

FOR APFR l. 

lai 


PACE 1 or 1 


FOR RECORD' \ 


ITEM I QTY. 


COIL MODEL NUMBER 


TYPE 1 


PHYSICAL AND PERFORMANCE DATA 


face dimensions 

W (IN I F.L. (IN )|(Sq”ft.) (H.vT NPT 


TAG, MARK OR NOTES 


muji i 

19^1 

liltTil l 

li^l 

UMill 

nrnivi 


iiun 


■III 


2 I ' 5WS I 12 lO 


Iti l_D 


liaiaaBMi 


Aik CONDITIONS 


capacity 


CFM 

(STD. AIR) 


SENSIBLE 

BTUM 


WATER CONDITIONS 


ENT. LVC. f.D. 
|OF) (®F) FT. M 2 O 


I liTOW I 
liETill 
lilcTill 
li^l 




DESCRIPTION 


CASING 


FINS •. Ml-f 


TUBES 


HEAOFRS 


REV. 1.73 


iniwniai.tBiHaCT 


MATERIAL 


Al UMINUM 


COPPCR 


COPI’ER 


tONN'i C HONS 


IJWMJAliflR 


STCT L 

1/8 N.P T. BRASS 


B-71 
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GENERAL NOTES 

I 

I. VERTICAL OP horizontal AIR FLOW MUST | 
^BE SPECIFIED. i 

ms/8 diameter holes in corners. I 

Yall coils drainable. 

01 serpentine 3 & S row coils AMO ) SER> 

^PfcNTINE 6 AND 10 ROW COILS HAVE 
SUPPLY AND RETURN CONN. ON OPPOSITE 
ENDS. OF COIL. 1/3 3/4 & M/3 SERPEN. 
YINE SUPPLY AND RETURN CONNS. ALWAYS 
ON SAME END. 

0M/3 AND 3 SERPENTINE 4 ROW COILS SUP- 
^ PLIED WITH ONLY TwO CONNS. AS SHOWN. 

FOR E DIM.. SEE BELOW. 

4. CONNECT COILS FOR COUNTERFLOW I.F. 
ENTERING WATER CONN. ON LEAVING AIR 
SIDE OF COIL. 

7. ALL DIMENSIONS ARE IN INCHES. 
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Culligan Mark 512 


AUTOMATIC 
WATER CONDITIONER 


This heavy>duty, giant*capacity model features 
our exclusive "Electro-Brain'.l, for peak performance 


Ideal where larqe volume of conditioned water is required. Capacity for extra hard 
water, controls high iron and manganese content. Anti-Corrosion Construction 
throughout. Distinctive Culligan slyling. with scuff resistant Dusk Grey and Platinum 
Beige exterior with Black trim. Salt Economizer automatically meters exact amount 
of brine for recharging. # 


(?) 


ELECTRO-BRAIN 

Our exclusive custom pre-set 
electronically operated 
timer automatically 
regulates recharge time 
and frequency of recharge. 

HYPRO-LECTRIC VALVE ^ 

Reliable 5-cyclc operation 
efficiently directs water flow 
during recharge. Adapts to 
water pressures from 
20 to 120 PSI. 

GUEST CYCLE O 

Permits you to provide an 
extra supply of soft water 
when there arc temporarily 
more people in the 
household. 

DUAL BY-PASS 

Automatically furnishes 
unconciitioncd water during 
recharge cycle. Ootional 
push button Cul-Flo-Valv" by-pass 
distributes unconditioned water 
for non-household uses. 

STAINLESS STEEL BRACKETS O 

Rugged, non-corroding 
mounting brackets relieve 
Control Center from stress 
at plumbing connections. 



iriu,) 




^ TRIPL-HULLTANK 

Corrosion-proof inner shell 
is enclosed in heavy steel, 
and covered with a sweat- 
free foam insulated 
styrene jacket. 

^ cullex*res;n 

Culligan-quality su.aer- 
durable softening resin is 
stable and uniform to assure 
greatest water conditioning 
capacity. 

O SALT STORAGE 
CONTAINER 

Extra-rigid construction; 
in 250-lb. or 375-lb. 
capacities. Protective 
Horizontal Salt Dissolver 
for added efficiency. 

DUBL-SAFE REFILL 

Electrical valve, combined 
with a positive mechanical 
float shut-off. prevents 
water overfill into salt 
container. 


1 

We Treat 


Water Seriously,. 




CULUGAN SFRVICE— ALWAYS AVAILABLE M s Ihc same prompt, cxporl. 
faclory-lrainofl service system Cijilinan onn'r'ated in the LI S. and now 
provides in 91 countries world wide. Ask .nhout our Cullipan W,Trranty. 
Salt Delivery service is oUcred lor your convenience. 


Simply call and say . . 


'KtYCUUIGANMAN!: 


No fM7B 4t PNINTrOINUBA 
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Before calling for service . . . refer to the Instructions 
furnished with your Culllgan water conditioner and 
review those items you can check yourself. 

If you need service . . . call your Culllgan Man with 
product model and Installation date. He will make 
arrangements for prompt local service. 

I 

Culllgan equipment Is serviced by over 1000 dealers | 
and distributors throughout the world. Consult your 
telephone directory, or write Culllgan USA for i 

warranty and service information. 

!• 
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LIMITED WARRANTY 

You huvo just puicliiisud oiio ol Iho liiu^sl wuUn condilionuts mudo As an oxpicssion ol cur conlidence in 
Cullioan producls, your walnr conditionor is wnrrnntcHl to Itio original coivuimcr purchaser against uetects in 
lorial and workmanship Irom the date ol the original installation as follows: 


For a period ol ONE YEAR 


1 he entire conditioner 


For a period of FIVEYEARft 


For a period ol FIFTEEN YEARS, 
including a warranty against corrosion 
originating inside the conditioner tank 


The control valve body, but 
excluding its internal parts, 
and 

The salt storage container, 
and 

The brine valve and all its 
component parts. 

The conditioner tank if it 
contains a plastic inner liner. 


If a part described above becomes defective within the spccilied period, you should notify your Culligan 
dealer and arrange a time during normal business hours for tlie dealer to inspect the water conditioner on 
your premises. 

Any part found defective by the dealer within the terms ol this warranty will be repaired or replaced by him. 
You pay only freight from our factory and local labor charges. 



•turally, damage caused by accident, lire, flood. Act of God. misuse, misapplication, neglect, alteration, 
.allation or operation contrary to our printed instructions, is not covered by this warranty. 


Our product performance specifications are furnished with each water conditioning unit ALL IMPLIED. 
WARRANTIES INCLUDING. WITHOUT LIMITATION. WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR PARTICULAR PURPOSE. ARE LIMITED IN DURATION TO THE PERIODS SPECIFIED ABOVE FOR 
THE PARTS DESCRIBED IN THIS LIMITED WARRANTY. As manufacturer, we do not know the characteristics 
of your water supply or the purpose for which you are purchasing this water conditioner Please understand 
that the quality ol water supplies may vary seasonally or over a period of time, and that your water usage rate 
•r may vary as well, while water characteristics can change considerably if your water conditioner is moved 
*'v to a new location. For these reasons, we assume no liability for the determination of the proper equipment 
necessary to meet your requirements, and we do not authorize others to assume such obligations for us. 
OUR OBLIGATIONS UNDER THIS WARRANTY ARE LIMITED TO THE REPAIR OR REPLACEMENT OF THE 
. DEFECTIVE PARTS OF THE WATER CONDITIONER. AND WE ASSUME NO LIABILITY WHATSOEVER FOR 
/: INCIDENTAL AND CONSEQUENTIAL DAMAGES. WHETHER FROM CORROSION OR OTHER CAUSES.;, 

.> 

Some states do not allow limitations on how long an implied warranty lasts, so the above limitation .nay not 
apply to you. Similarly, some states do not allow the exclusion or limitation ol incidental or consequential 
damages, so the above limitation or exclusion may not apply to you Ihis warranty gives you specific legal 
rights, and you may also have other rights which vary from state to state. 

Culligan, the world-wide water conditioning people . . . We treat water seriously.. - 




CULLIGAN USA, DIVISION OF 
lOj CULLIGAN INTERNATIONAL COMPANY 

Ik. One Culligan Parkway 

Northbrook, Illinois 60062 
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Technical Applications Bulletin 


DATE March 1977 


NUMBER 


REFERENCE 

INFORMATION. 


CHEMICAL TUEATMENTC-70 

DESCRIPTION 

Chemical Treatment C>70 is a blend of corrosion inhibitors, and alkalinity builders (or complete 
treatment of closed water systems. C-70 is composed mostly of nitrite, borate, and MBT. The 
nitrite is an excellent corrosion inhibitor for ferrous metals and is very good for many other 
types of metals. Nitrite helps form a thin protective film on the metal surfaces. The MBT is a 
specific corrosion inhibitor for copper and copper alloys. 

C-70 contains no chromates or phosphates and is a relatively mild non-polluting chemical. C-70 
is blended (or the use in closed heating and cooling systems. Typical uses are for chilled water 
systems, hot water systems, radiators, furnace cooling coils and any system where water loss is 
very low. It can be used in open recirculating systems; however, the cost usually m^kes it 
uneconomical to use. It can be used in a wide range of water supplies up to 130 psi or 370°F and 
ethylene glycol protected refrigeration systems at -10°F. 

C-70 should not be used with chrofnate solutions, in potable water, or any domestic water 
supplies that may come in contact with people or animals, as nitrites are toxic particles in the 
concentrated form. 

DOSAGE 

A normal dosage of 2,000 - 2,500 ppm of C-70 will usually provide an excellent corrosion 
protection. This dosage will raise the pH of the water supply to 8 - 10. 

An initial dosage of one pound per 50 gallons of water in the closed system will provide the" 
initial dosage of 2,000 ppm. As water leaks from the system, the residual will drop. More 
chemical should be added before the residual reaches 1,000 ppm C-70 (500 ppm nitirite). When 
the residual C-70 drops below 1,000 ppm, sufficient chemical must be added to the closed 
system to reach the initial dosage of 2,000 - 2,500 ppm of C-70. 

CONTROL LIMITS 

A test for C-70 is the nitrite test. A nitrite residual of 1,000 ppm indicates approximately 
2,000 ppm of Culligan C-70. Therefore, a residual of the closed system of at least 1,000 ppm of 
nitrite should be maintained. 

FEEDING 

A pot feeder is used when the chemical needs to be added only a few times a year. This is a 
very convenient method of getting this chemical into a closed water system. 

An automatic feed system should be used when there is sufficient water loss to warrant 
additional chemical several times per month. An automatic feed system will assure that C-70 is 
kept at prescribed levels when the operating personnel arc too busy to use a pot feeder 
regularly. 

HANDLING 

Culligan C-70 is slightly toxic, cxpecially in the concentrated form. It should be handled with 
normal precaution and not allowed to come in contact with food, food products or eyes. It 
should be stored in a dry place away from heat; and it will become hard if left open to 
atmosphere as it absorbs moisture from the air. 


No. 8806-17 
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lil I I Ml NCI 
INFORMATION 


MK:KoiMocim: 


ORIGINAL PAGE ]R 

OP POOR QUALIT? CHEMICAL TREATMENT M-2G 


DESCRIPTION 

Chemical Treatment M-25 is a combination o( two organo sulfur compounds for use in 
commercial and industrial cooling water. It is especially effective in controlling algae, 
bacteria, and fungi, which contribute to biological fouling. 

M-25 can be used in any cooling water system that docs not come in direct contact with 
food. M-25 does not foam; M-25 also is not volatile and therefore is not lost by 
evaporation. 


DOSAGE 


An initial dosage of f>0-l20 ppm, which is 6.9 to 13.8 fluid ounces per 1,000 gallons of 
recirculating water, is recommended. It is also recommended that an initial general 
physical clean-up of the cooling water system be made to remove excess slime and 
algae deposits. 


Subsequent slug additions of 20 to 120 ppm or 2.3 to 13.8 fluid ounces per 1,000 gallons 
are recommended. The frequency of additions of M-25 depends on the amount of bleed- 
off and severity of microbiological fouling, typically once a week. 


CONTROL LIMITS 

Visual inspection is the only convenient method of determining if additional M-25 is 
required. If a visual inspection indicates the presence of algae, obviously additonal M- 
25 is required. If the additional M-2 5 does not remove the algae, switching to M-23 
may be required as it is possible that the algae has built up an immunity to M-25. 


HANDLING 

IMPORTANT ; M-25 is an EPA approved microbiocide which is permitted to he sold at 
the concentration specified on the label. M-25 is registered under EPA No. 2938-8. 
Therefore M-25 can not be diluted and resold without violating EPA regulations. 


DANGER ; Keep out of the reach of children. As with most microhiocides, the 
concentrat ed solution is a toxic material. M-25 causes eye damage and skin irritation. 
Wear goggles and rubber gloves when handling, hlarmful or fatal if swallowed, avoid 
contamination of food. 


In case of contact, flush with plenty of water for at least 15 minutes. If eye irritation 
persists, get medical attention. 


Do not reiBe empty containers, dest'-oy container by perforating or crushing and burying 
in safe place. 


This product is toxic to fish, do not discharge into effluent where it will drain into 
lakes, streams or ponds. 


Cat. No. 8176 62 
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APPENDIX C 


THE ITC/SOLAR PLAT-PLATE COLLECTOR: 
PARTS, REPAIR, INSTALLATION AND MAINTENANCE 


October 1978 
Norman Barbera 
ITC/Solar Staff Engineer 


THE ITC/SOLAR FLAT-PLATE COLLLCTOR: 
PARTS. REPAIR, INSTALLATION. AND MAINTE.^ANCE 


INTRODUC TION 

The intent of this information is fourfold: 

1. To describe the various parts contained in the ITC/Solar Flat-plate 
collector, 

2. To describe the steps necessary to replace any of these parts. 

3. To list guidelines to follow when connecting collectors together, 
and 

4. To briefly discuss maintenance. 

PARTS & REPLACEMENTS 

This section contains a description of the various parts of the ITC/Solar 
collector. At times one or more of these parts may be damaged, prevent- 
ing proper operation of the collector. The collectors are made to allow 
removal and replacement of any part in the box, hence, a discussion of 
removal and replacement of parts is also included herein. Figures 1 and 
2 can be used as a guide for this section. 

To establish conventions, the front of the collector will be considered 
the glass side of the collector. The side with the protruding manifolds 
will be designated as the right side. The side with the tube couplings 
and recessed manifolds will be designated as the left side. The bottom 
of the collector will always be the end with the oblong openings around 
the header. Mark V collectors are nominal 3' x 6-1/?' with a 1" or 2- 
1/2" header. Mark III collectors are nominal 4' x 8' with a 2-1/2" 
header. With the exception of end boxes, all collectors will have 
protruding manifolds on one side and recessed manifolds or. the other 
side. (See section on end boxes.) 
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Figure 2 * AssEn&LEn> collector. 


Glass Covers 

The chrome piece around the perimeter of the collector Is the pressure 
Plate* The pressure plate holds the glass cover (sometimes referred to 
as glazing) In place and can be freed by rerroving all the pressure plate 
screws holding It down. There Is an EPDM, black rubber g asket that fits 
securely around the glass. This gasket reduces heat loss through the 
top of the collector* provides a water-proof seal* cushions the glass* 
and helps hold the glass In place. The gasket should lift out of place 
when the glass Is removed. If the gasket or the glass does not come 
loose the gasket may be stuck to the box. Passing a knife between the 
gasket and box should eliminate this difficulty. 

The glass cover may be lifted by hand or special vacuum cup handles may 
be used (Figure 3). The special handles are made specifically to handle 
glass and have one or two suction cups per handle that .'''"'p the glass. 

If the collectors are mounted on a slant and the glass must be retooved* 
the use of these handles Is recommended. 



FIGURE 3; VACUUM CUP HANDLES 
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If the glass cover has broken, remove the pressure plate and clean all 
the broken glass from the gasket and the collector box. Wipe the gasket 
clean with a damp rag. Do not use soap. Fit the gasket around the 
perimeter of a new glass cover. Place the glass and gasket back on the 
lip around the Interior edge of the box. When replacing the cover make 
sure the glass does not cover the pressure plate screw holes. When the 
collector Is mounted and on a slant It may be necessary to place a shim 
on the lip of the collector box below the bottom edge of the gasket and 
glass cover. This will stop the glass from sliding down and covering 
the pressure plate screw holes. The pressure plate will fit over the 
gasket and around the outside of the box. Tighten down the pressure 
plate by replacing the pressure plate screws. 

If the glass cover slides out from under the pressure plate, the gasket 
may not be griping as It was designed to do. ReiiK)vc the gasket and wipe 
It with a clean, damp rag. Do not use soap as that will leave a thin 
film which contributes to slippage. 

Access Ports 

The small covers on the top. and bottom of the collector In the corner 
near the female side are the access plates . These cover a piece of 
Insulation which In turn plugs an access port . The access port provides 
access to the left side of the header. The access plates can be removed 
by removing the small hex-head screws on either side of the plate. This 
requires a 5/16” wrench. A speed wrench Is Ideal for this and may also 
be used on the hose clamps mentioned later. 

Headers & Collector Connections 

The h ea ders (sometimes referred to as manifolds) are nominal V (Mark 
V) or 2-1/2" (Mark III and some Mark V) copper tubes at the top and 
bottom of the collector. The short lengths of hose on the header are 
silicone connec tors or coupllmi s. 
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R enioval ft Replace me nt of Connect ions 

Occasionally It becotnes necessary to remove a connector. If the con- 
nector is to be reimived, the two hps^ c lam ps that hold the connector to 
the header must be loosened. Access to the hose and clamps is available 
through the access ports. 

After the clamps have been loosened reach in with a sharp knife, slice 
the coupling along its length, and remove it from the box through the 
access port. 

Replacement of connectors on single uninstalled collectors differs frwi) 
replacement of connectors on collectors already installed in a row of 
collectors. With collectors not yet installed in a row^it may be 
possible to slide the connector through the opening on the side of the 
box and guide it onto the header by reaching in through the access 
ports. Where the connector does not fit through the opening or when the 
cilloctor is already installed in a row. it may be possible to push the 
coupling in through the access port and slide it onto the collectors. 

To replace connectors on installed collectors that do not have adequate 
room between the two adjacent headers to slide the coupling on. the 
collector plates (see next paragraph) may require shifting. Loosen the 
coupling directly below the coupling that is being worked on (or above 
if the coupling to be replaced is at the bottom of a box) and the two 
couplings on the collectors to either side. (That's five cc^uplings.) 

Now reach in through the appropriate access port and push apart the 
headers where the neev coupling is to be installed. It nay be necessary 
to |.ush on both the top and bottom headers in order to separate the two 
adjacent headers at titat connection. If the hose coupling cannot be 
replaced in cither of these ways, that side of the collector plate will 
have to be lifted out of the box. 
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Collector Plates 


The collector (or absorber) plate Is the subassenibly that consists of 
upper and lower headers » cross tubes, fins, silicone couplings, and hose 
damps. The c ollecto r box is the housing for the colluctor plate. The 
cross tube s are the small copper tubes running the length of the box. 
Should the tubes be broken or badly criit^ed, return the collector to 
ITC/Solar. The fins are pressed on the cross tubes and have, on occasion, 
pulled away from the tubes. If this occurs, consult the collector 
dealer or ITC/Solar. 

The glass cover and pressure plate must be removed in order to provide 
access to the collector plate. Once these arc removed, shift the plate 
to the right (as you face the collectors), as far as possible, and lift 
up on the left side of the plate. The hose connections can then be 
removed and/or replaced. 

END BOXES 

included with most 2-1/2" header collector orders are special end boxes 
for each row of the collector array. The end boxes will have headers 
protruding from both sides of the box. These collectors should be the 
first collector mounted in each row and should be mounted on the west 
end of the row. (Remember, the collectors are facing south so the west 
end is to the left as you face the array.) When end boxes are not 
Included with an order, whether it be Mark V or Mark III collectors, it 
will be necessary to construct an end box by modifying any one of the 
existing boxes. Modifications can be made as follows. 

Remove both access plates and pull out the small piece of prccut insula- 
tion to expose the silicone couplings. Tighten the clamp that holds the 
coupling to the header and loosen the second clamp. Insert a short 
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piece of 1" or 2-1/2" (which over matches tfio hrador size) copper pipe 
(suopllcd) Into each of the couplings. Push the pipe as far as possible 
Into the coupling and secure It In place by tightening the previously 
loose clamp around the coupling and pipe. Since this is an end box the 
space between the header and the piece of pipe is not critical. When 
two collectors are being connecteo, a 3/4" space between the two headers 
at the connection will be necessary (see step 19, page C-14). 

SUPPORT STRUCTURES 

When connecting collectors, it is necessary to move the free collector 
left or right, while keeping it at the same height as the attached 
collector. The support structure should be designed to prevent up and 
down slippage and allow movement left or right during installation. 

This can be done with a temporary horizontal lip running a short distance 
either way from the collector being worked on, or with a permanent 
horizontal lip running the entire length of the support. Should the 
latter be used, provisions for self-draining of tlie lip must be included, 
otherwise water may collect on the lip and cause collector corrosion. 

INSTAL LATION 

1. Cover the collectors with an opvique material (paper or plastic) to 
prevent the collector boxes from getting too hot to handle. 

2. Mount the special end collector so that it is the west end col-, 
lector of the row to be installed. Attach this end collector to the 
support structure. Subsequent collectors will be added to tne east of 
those already Installed. Remember the oblong holes in the collector box 
should be at the boltom of the collector. The right side of the col- 
lector will be |K)inting cast. 


C-8 


3. Expose the access ports on llio next collector to be hung by re- 
moving the access plates and precut pieces of insulation. As this 
collector is not yet connected to the support structure it will be 
designated the free collector . The collector to the v;est to which the 
free collector connects, and which has already been connected to the 
support frame, will bu designated as the atta ched colle ctor . 

4. Lift the free box into place along side the attached box. 

5. The clamr-. on both silicone couplings of the free collector should 
all be loosene. and the hose coupling pushed to the edge of the header 



they are mounted on. (See Figure 4 above.) Tighten one clamp around the 
header leaving 1/4" or more of hose coupling on either side of the 
clamp. Leave the other clamp loose. In some cases the hose coupling 
may have to be pushed closer than 1/4" from the edge of the header to 
make the connection to the adjacent box possible. If at all possible, 
maintain the 1/4" clearings on both sides of the clamp. 


On collectors with 1" headers the hose coupling can bo pushed over with 
a screwdriver. The collectors with 2-1/2" headers have the larger hose 
couplings and are more difficult to handle. 
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Two iiuuk$ similar to tho on« shown in Fiyuro Five; can aid considornbly 
in installation. The hooks can he used to reach around the headers and 
manipulate the hose couplings. The hook shown in the figure is available 
from the collector manufacturer. 



6. Position one person so they can work with the top coupling and a 
second person so they can work with the bottom coupling. Slide the free 
box toward the attached box to a point v/here the headers on the attached 
box, are just touching the hose connections. 

7. Now align the hose couplings on the free box to the headers on the 
attached box. 

8. Finally, complete the connections by pushing both headers on the 
right side of the free box, at the same time, hard and deliberate, 
toward the attached box. This will cause the hose couplings on the free 
box to slide onto the headers of the attached box. 

With the 2-1/2“ header collectors it may be necessary to have 3 or 4 
people helping with installation. One person aligning each of the hose 
couplings with the headers, and one or tv/o people pushing the free box 
tov/ard the attached box. 
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Hos o Couplin g - I lend er A1 1 onniont Pr ohl pins 

When aligning the hose couplings to the headers only one of the two (top 
or bottom) connections may line up. The following suggestions will aid 
with the alignment of the hose coupling to the header and the completion 
of the connection. 


Having both connections aligned at the same time makes installation 
easier and an attempt should be made to do so. If both cannot be 
aligned or completed at the same time, complete one connection at a 
time. In this case, rather than pushing on both headers on the right 
side of the free box, push only that header corresponding to the header 
to be connected on the left side. Once one connection Is made, the 
second connection can be v/orked on. When v/orklng on the second con- 
nection, push against the appropriate header on the right side of the 
free box to prevent the first connection from coming apart. 


Figure 6 shows the bottom connection already made and the top connection 
being worked on. 


HOSE PREVIOUStY MISALIGNED IS NOW ALIGNED 



CONNECTION ALREADY MADE 


PUSH HERE 


V- THE END OF THE COLLECTOR 
WHERE THE CONNECTION HAS 
BEEN MADE CAN BE PREVENTED 


FROM DISCONNECTING BY PUSHING 
AGAINST THE RIGHT HEADER ON 
THE FREE BOX 


FIGURE 6; ALIGNING THE SECOND COUPLING AFTER ONE HAS BEEN CONNECTED 
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If the hose coupling is badly buckled and will not slide around the 
header » pull the collectors apart and realign the iiose to the headers. 
(See Figure 7 below.) 



BADLY BUCKLED HOSE COUPLING 
PULL APART AND REALIGN. 


ONLY THE EDGE OF THE HOSE COUPLING IS PREVENTING THE HEADER 
FROM SLIDING INTO THE COUPLING 



FIGURE 7: BUCKLED HOSE AND HOSE WITH CAUGHT EDGE 


The header and hose coupling can be adjusted for alignment as shown in 
Figures 8 & 9. 


c-12 



THE FREE BOX IS SLIGHTLY LOWER THAN 
THE ATTACHED BOX. 


FIGURE 8: COUPLINGS SET ON AN ANGLE CAN AID IN HEADER-COUPLING ALIGNMENT 



PUSH 

HERE 



PUSH 

HERE 


THE BOTTOM HOSE COUPLING IS TOO 
LOW AND THE HEADER IS HITTING THE 
TOP OF THE COUPLING. PUSHING ON 
THE BOTTOM HEADER OP THE TREE 
BOX WILL CAUSE THE COUPLING TO 
SWING UP AND OVER AS INDICATED BY 
THE ARROW. 

(A) 

FIGURE 


THE BOTTOM COUPE ING IS TOO HIGH. 
PUSHING ON THE TOP HEADER OF 
THE TREE BOX WILL CAUSE THE BOTTOM 
COUPLING TO SWING OVER AND DOWN AS 
INDlCAiLU BY THE ARROW. 


' (B) 

9: SHIFTING OF THE COLLECTOR PLATE AIDS IN HEADER-COUPLING ALIGNMENT 
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9. Sl ide the tvvo collectors toejether to n point <\t which the tv/o 
headers are approximately 3/4" from each other inside the coupling 
as shown in Figure 10. 


TIGHTEN THIS CLAMP 10 COMPI ETF. THE CONNECTION 



FIGURE lOiCOMPLETCf) CONNECTION BETWEEN COLLECTORS AND THE CORRECT SPACING BETWEEN MALE 
AND FEMALE HEADERS 

The 3/4" spacing between headers is important as it allows for thermal 
expansion. While the 3/4" space is not visible it can bo felt through 
the rubber. Secure the hose coupling to the header with the hose clamp. 


10. Attach the free box to the support structure. Do not replace the 
access plates until the system has been checked for leaks. 

11. Repeat steps 1 and 3-10 with remaining collectors to complete the 
array. 


I MPORTANT N OTE; 

Keep in mind that the first row of collectors must be sloped 1/4" per 
collector toward the inlet of the array. The inlet on additional rows 
may be from anotlier row, a separate inlet pipe, or the same inlet as the 
initial row. Each row should be sloped toward its own inlet. 
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MAINTENANCE 

For nonnal drain-down systems deionized or distilled water Is suggested 
for the heating fluid that travels through the collectors. Normal tap 
water can be used but may Ci»n«e mineral buildup In the collectors. If a 
drain-down system cannot be used, consult iTC/Solar for other suggested 
fluids. 

The first few times the system Is started, It will be necessary to check 
for leaks at the silicone couplings. After the first few minutes of 
operation, a visual check will turn up any leaks. Use tap water when 
testing for leaks. Color dye In that water will allow leaks to be 
spotted easier. Condensation will build up on most of the collector 
cover on any collector that leaks. There may also be a noticeable flow 
of heating fluid from the leaky collector. Most leaks are due to loose 
hose clamps on the couplings and can be stopped by tightening the clamps 
on the hose that leaks. Occasionally, a coupling will slide completely 
off the headers and must be reinstalled. After the first 4 or 5 leak- 
free runs, a quick check of the collectors every month or so is advisable. 

The monthly check need only be a visual inspection for broken glass, 
leaks, or excess dirt on the collector covers. With normal precipita- 
tion, any dirt or film that may prevent sun rays from passing through 
the glass cover will be rinsed away. To prevent a build-up of film", 
washing once or twice a year Is recommended. A strong spray from a 
garden hose will be adequate. Long dry periods or blowing, dusty 
periods Increase film build-up and more frequent washing may be re- 
quired. 

If the Insulation on the Inside of any collector gets wet, remove the 
access plates for a day or so. This will allow the insulation to dry 
out. Since running the collector with wet insulation will not harm the 
collector, the plates need not be removed until there is sunny weather. 
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APPENDIX D 


As-Built Drawings 
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COLUCTO SYSTB1 STA^-OP m OPWTIW 




TmWI AU. fAKtt T# T« •jWTO* POSITION. If TNI TtmtRATUltt AT TW eOUtCTM SfMOiJ Tt«5 It 

2S® F tftlATtll THAN THf TlJIMAATl'Af AT TMt tTOAACf TAI« tCtttOA TT-6, CDLUCTOA P\Tf H-1 NIU kTAtT 
THA0U6H C(T»AAITCA ICAAO TDS“1, Oh COUfCTOt AUHA P-1 STAAT-UA, COLLECTOR VALVE V-2 VUJ. «0 FUU 
OA|«l VHE!| X-3 It EVfAMZCD THROUGH RtLAT R-1, ALLWIW THE !lTO'*AGf TANK HATER TO EE RWRED TO THE 

couECTOM. Also hhen rukr P-1 it started and relay P^l is eneroized« rit valve V*3 is closed 

TMtOUtM STORRIflO WATEt RLOH RtOK lYRASStNC THE CCUECTORS. 

When Jtm TIRREPUTun IEH«EEN THf STORAGE TAKE SENSOR TE-f Af|D COLLECTOR SENSOR TE-5 DRORS TO A ^ 
DIRFEREtiTIAL CR WIN THE STCRAtt TANK HIGH LI “iT SENSOR THL*1 GINSIS *300 f, COLLECTOR RUHR P-1 
RILL STOr Al;r COLLECTOR VALVE V-2 Hia CLOSE, STARRING HATER FLOW FROM STCRACE TANK TO COLLECTOR 
RLATtt. VhCM COUECTOR valve V-2 CLOSES/ ETRA5S (RIT) VALVE V-3 OPENS# ALLOMlNG THE COLLECTOR 
..RUTES TC CRAIN SACK TO THE SVITEH SUHR »Y GRAVITY RLOH. 

^ TOE SYSTEff sry PIT P-D 

The systo* sump M will start when the water level in the iuhr reaches a level 9*6* from the tor or 

THE SUHR TANK. ThE SUHR RtW WIU EVACUATE THE Stf^R TANK TO A LEVEL OF 10*9* FRORI THE TOR OF THE 

SIMR TANK, 

TnI Slt^R RW^ It STARTED AND STORRfD THROUGH PlTS- 2, THE BW LtOUlO LEVEL CONTROL. 

The SIWR MICH level hill alarm through horn H-1 which is energized THROUGH FLTS-1, BW Liouro level 

control when the WATER LEVEL IN THE lOHR TANK REACHES A LEVEL OF 2*6" FROM THE TOR OF THE SUKR TANK, 

When aurh hors H-1 is energized, reuy R-3 is also energized. When relay .V3 is energized, the 

•'COLLECTOR SVRRLY SYSTEM SHUTS OFF, IN THE SEOUtNCE DESCRIBED ABOVE. 

IfTOQo HEATlTi SYSTE1 

To heating coils IN Plant A,fi.U. (9 thus) 

If, through the space stats TC-rC9 thus) the flaht air hanolikc units AIPJ's (9 thus) are in rua 
demand for heat, Aa unit VALVES V-1 (9 THUS) WILL If IN THE FULL OPEN POSITION. 


As THE SPACE STATS ARE SATISFIED, THE UNIT VALVES HILL BEGIN TO MorULATE CLOSED. As THE VALVES CLOSE, 
RftSSURE IN THE SYSTEM SUTRLY HEATER HILL INCREASE, SENSED BY RRESSURE SENSOR PT #1 LWATID IN THE 
SUPPLY HEADER. 

Pressure sensor PT-1 wia (on a pressure increase) cause system bypass to storage tank valves 
Y-A AW V-5 to OREM. 


1 




Tmv.Ti-rt $risir. k-s lemn 

L Sensor TE-1 - Outioor Am IcMREiuTURt 

A. AEADOJT C‘i *tt!ER n-3 THROUSH TQ #1 

2. Sensor TE 2 - '.tRAGE Indoor Space Temrerate 

A. PUDOIT CN '^ETER THROUGH TQ if} 

3, tiwscR TE-3 - DiTZArNC Building Tcmreraturc 
A. Reado’/T ch “.eter H-5 throush TQ K3 

A, Sensor T6-A - UAvir.>s Building TcMRERATURt 
A. Readout cm ';et/r .1-6 through TQ AA 

5. Sensor 7E-5 - Collector Temrouturi 

A, !k Readout 

6. Sensor TE-C - Storage Tank Teweratwc 

A, !lo Reocut 

7 . Sensor TT -7 - Udo^r System Supply Temperatii 

A. hEAOO:.*T TN *xTlR fl“l THROUGH TQ 05 

8* Sensor TE-.s - IviofR System Return TEMPfRATtf 
A, Readout cn 'Ietjr f1-2 through TQ 

9. Sensing akc r^oui System is powered by X-1 

'HA.TVCFF-fiiTC SVfiTCl! m PflCT U'iHT OPTRATIOfI 


1. HOAPl 

A. CoLLirTCR PypF P-1 

1. FilCT llGHf (PL-1) *R?HE» ON* ^iREEN 
2f Pilot Lkhi (PL-2) *rumr nun* to Ll 


2 . 


IXM 

A. 
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IfOOCR System Supply Pump fl (P-2) 

1. Pilot ticw (PL-3) Vt>wtR on* finot 

2. Pilot L»ch (Pl-^0 *putp run* to U 


Valve V-A niu. modulate to fuu open before valvi Y-5 begins to modulate open. If au AKU valves V-1 
ARE full closed, S>'AS5 VALVES V-A AND V-S ARF TO BE FUU OPEN. 

As BV»ASS VALVE V-A irriNS to modulate open, water hill begin "*0 FLW across FLOH SHITCHEI FS 01 AND 
F$ 72. When this flow rate RtPCHtS a velocity of 125 chk across flow switch FS rV, the system 
*LA3 RUMP* CITHER RUW*' fZ (P-/J OR Rlf^R ’, i (P*3), DCTEnwiNED PY SYSTEM RUMP "LEAD/ LAG SWITCH* 

SW-1 WILL SHUT OFF. 


3. H0AA3 

A, Iwooo» System t:u*RLY Pump A2 (P-3) 

1. Pilot Ligw (PL-S) •rower on* Green 

2. Pilot ligh* (PL-C) “pirR run* to Li 

A. KOAIA 


A* WATER VpLOCITY ACROSS »10H SWITCH #1 (FS-I) DROPS TO A FLOW RATE OF 25 GRM, 1« SYSTEM IM PlfT 
(EITHER OR P*3v HIU RE-START, 


A. System S»jmr Ptt-p 01 P-A 

I, PiUT Light (PL-7) * power on* Creir 


The system lead rir<R DmRMiNED by the system •leao/lag* switoi SH-1 HIU run continuously lag 

PUMF w/u CYtU THT-autw FUA*- RZ KT^f.k'OK' OtiAY 7P-I HAS CTClEO. 


Lacn air handling unit has a *low limit stat* TrL-1 across each 

UNIT FAN ^TOPPING AIR FLOW ACROSS THE COIL WHEN THE LOW LIMIT 

OR Babw 37® F. 


HCATING COIL, WHICH WIU SHUT OFF THE 
STAT TSL-1 SENSES A TEMPERATURE AT 


LtGEr'.'J 
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